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Instron proud have played NEWLY DERIVED FORMULA FOR PREDICTING 
MATERIAL PROPERTIES workable. Data obtained from 


workable equation for predicting 
the low-cycle fatigue resistance metals (and other 
materials). Low cycle fatigue deals with mechanical 
and thermal cyclic strain materials from cycle 
approximately 10° cycles. Recent investigations 
have shown the tremendous importance establishing 
reliable design criteria this critical plastic strain range. 

can’t take credit for the equation itself 
(which you can study your leisure But are 
responsible for the Instron Universal Tester, equipped 
with reverse stress cycling controls, which helped 
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Accuracy of cycling data provided by Instron Universal Tester furnished a reliable standard 
against which to check new formula. 


For advanced stress 
analysis equipment look 


2500 Washington Street, Canton, Mass. 
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prove that the equation was 


low-cycle strain fatigue tests 
different materials, conducted the Instron, cor- 
roborated the equation. 


Which yet another instance what mean 
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© EXPERIMENTAL DATA 


CALCULATED FOR 
REDUCTION IN AREA: 65% 


COMPRESSION 


STRESS AMPLITUDE xX 
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CYCLES TO FAILURE GENERALIZED HYSTERESIS LOOP OF 


STRAIN CYCLE FATIGUE 


Typical curve (for 1018 carbon) shows Generalized hysteresis loop of strain cycle 
correlation between Instron data (dots) 
and formula (solid lines). 


when say can more with 
you have any problem all related materials 
testing, you should (at the very least) have the complete 
Instron catalogue. Also avail- 
able: our ever-growing library 
articles advanced 
techniques, covering many fields. 
Yours for the asking just men- 
tion your particular field 


interest. 


— New formula for stress amplitude of a material is based 
on just 3 knowns, all easily arrived at by conventional test 
methods: 1) E, modulus of elasticity; 2) c, a constant easily 
related to the per cent reduction in area and 3) Sg, the endurance 
limit or yield stress point. N represents cycles to failure. Satisfactory correlation with 
experiments up to 10° cycles to failure was found. For more insight into this fascinating 
development, drop us a line. 


The Instron comes in various models and sizes to suit the widest 
applications for tests under all kinds of environmental conditions 
Shown: Floor Model — load ranges from 2 grams to 10,000 Ibs 
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PRECISION TESTING THE 
LOW VELOCITY RANGE 


Admittedly the greatest single handicap boundary 
lubricant research has been the lack tools the form 
accurate and reliable bench test equipment. The stark over- 
simplification E.P. testing equipment contrasts sharply 
with the complexity friction and wear phenomena. The 

Alpha Model LFW-1 the result search for “inter- 
mediate” between the oversimplified E.P. Bench Test and 
costly and time consuming full scale performance tests. 
Such intermediates, which many are needed, cannot fail 
sharply reduce the terrific waste research expenditure 
and talent. 

Since all E.P. lubricity ingredients function effectively 
only limited temperature range, E.P. Bench Tests must 
either measure frictional contact temperature or, pending 
the development means so, simulate them. Sliding 
velocity one important factor this simulation. large 
group E.P. lubricity ingredients which are highly success- 


— 


ful industrial low velocity mechanisms completely fail 
respond most E.P. testers because excessive velocities 
and loads combine produce frictional temperatures 
yond the functional temperature range the E.P. 
ingredient. 


Alpha LFW-1 Lubricant-Friction-Wear Tester for 
sliding velocities below feet per minute. Machine de- 

ned for low velocity extreme bearing pressure applications. 
Developed professional testing machine designers for 


better than 98% load, velocity and friction MAXIMUM 
measurements, results reflect the performance characteristics 
lubricant uniformly loaded and accurately defined 
friction area. The only variables from test test are those 


SEATED FOR 


intended the operator. 
UNIFORM LOAD 


DISTRIBUTION 

OVER ENTIRE 

LINE CONTACT 


FRICTION 


you have really important 
lubrication job involving ex- 
treme pressures extreme temper- 
atures, try MOLYKOTE Lubricants: 
Send today for complete applica- 
tion data and your copy “Break- 
ing Lubrication Barriers with 


RING 


FRICTION FORCE AT 
LINE OF CONTACT 

DIRECTLY TRANSMITTED 
TG LOAD PICK-UP 


FRICTION 
LOAD 
INDICATOR 


MAIN FACTORIES: Harvard Avenue, Stamford, Conn. 
Arnulfstrasse, Munich 19, Germany 
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Better The Test 

Better The Test 
THE LOWER THE COST PRODUCTIVE RESEARCH 


(and sreater efficiency) 


Magnetic Particle Flaw Detection Equipment 


Ampere Mobile Model 
PICKER FERROSCOPE 
6600 Ampere Stationary for Wet and Dry Technics 
PICKER FERROSCOPE 
for Wet Technics new outside 


new outside Roll-to-the-job unit: companion design and 

easy keep clean. Easy read meters, husky control knobs. 

Modular principle: units combine handle 
parts feet long. 


new inside 
Meters and signals function-grouped eye level. 


Same heavy duty silicon 

Heat capacity fivefold greater than required 

New heavy duty silicon full-wave rectifiers MIL Type III specs. 
run cooler, quieter. Either half-wave always tap for 

Heat capacity five times greater than best results with both wet and dry technics. 
MIL Type specs call for. Stepless current 3000 

Does away with noisy, grime-blowing All operation controllable machine 
exhaust fans. remote handswitch long cable. 


new inside 


For heavy duty schedules, one the other these Ferroscopes may 
just right for you. maybe smaller Ferroflux Portaflux portable 
magnetic particle inspection unit would adequate your lighter need. 

any case, call your local Picker representative: will glad advise 
you about these, any the other nondestructive inspection systems 

Picker offers (they’re listed below). 


ONE STOP for non-destructive inspection equipment 


ANDREX portable x-ray units-140 KV, 160 KV, 200 KV, 260 
x-rad PICKER x-ray units—35 Beryllium window, KV, 110KV, 
(stationary and mobile), 270 portable 


gamma PICKER Pipeliner—30 curies, Cyclops—1500 curies; 


Penetrants, Developers, accessories 
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NEW PUSH-BUTTON SIMPLICITY 
REVOLUTIONIZES TENSILE TESTING 


THE SCOTT MODEL CRE Constant-Rate-of-Exten- 
sion Tester offers you the ultra-high accuracy 
inertialess electronic plus effortless 
automatic operation that takes the work and weight 
handling out physical testing! touch, the 
simple finger-tip controls the Model CRE pro- 
vide crosshead speeds, complete cross- 
head control and wide range test 
enabling even the non-technical operator obtain 
detailed test results faster, easier, and amazingly 
low cost! 

VERSATILITY, another time- and money-sav- 
ing feature the Scott CRE Tester. This simple yet 
super-sensitive tester designed for use with Scott’s 
more than different clamps and holding fixtures 
meet ASTM, ISO and Industry Test Methods 


and material requirements. Moreover, Model CRE 


can set quickly for tensile, tear, adhesion, 
burst, seam construction, and many other physical 
with ranges from the lowest 1000 
Ibs. 500 kgs. 


LAB MEN AND PRODUCTION MEN have 
recognized and relied the test” Scott 
for more than years for product develop- 
ment, process control, quality control, acceptance 
sampling, and the countless other tests that make 
the difference between profit and loss. want 
high-precision testing that economically feasible 
trouble meeting industry standards sure 
check your tester needs with Scott. 


SCOTT TESTERS 


Free technical data sheets... 

Tensile and hysteresis testers 

High temperature deterioration testers 
Low temperature brittleness testers 


Flexing and compression testers 


THE SURE TEST 


SCOTT TESTERS, INC. 
120 Blackstone Street 


Tear and seam testers 
Adhesion and lamination testers 
Rubber and elastomer viscosity testers 


Providence, Rhode Island 
Internal bond testers 
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Marshall Named Executive Secretary 


Van Atta Assumes Post Treasurer 


MARSHALL, 
Jr., has been elected ASTM executive 
secretary the Society’s 
Directors, effective October 15, 1960. 
Mr. Marshall senior 
secretary The American Society 
Mechanical Engineers. 

Fred Van Atta, formerly assistant 
secretary ASTM, was elected the 
post treasurer with responsibility for 
the business operations the Society. 
Robert Painter, until 
ecutive secretary and treasurer, who has 
vacated these positions for health rea- 
sons, will continue consultant the 
executive secretary. will especi- 
ally concerned with the Society’s long- 
range planning program. Raymond 
Hess will continue associate executive 
secretary. secretary and 
editor-in-chief, Mr. Hess responsible 
for the technical activities and publica- 
tions the Society. 


Mr. Marshall was born Savannah, 
Ga., 1911 and received his early 
education there. 1932 
graduated from Georgia Institute 
Technology (then Georgia School 
Technology) with B.S. degree 
aeronautical engineering. 

From 1932 until 1951, except for 
five years’ active duty with the 
Navy during World War II, Mr. 
Marshall was employed the main 
office the Metropolitan Life Insurance 
Co., first various capacities sta- 
tionary engineering and later posts 
responsibility the Co- 
ordination Division. 

1951, Mr. Marshall became execu- 
tive secretary the Engineering Man- 
power Commission, which had just 
been formed Engineers Joint Council, 
and year later became secretary 


well. 


October 1960 


Mr. Marshall joined 
ASME 1954 manage the society’s 
75th Anniversary Celebration and its 
public relations activities. 1956 
was named head Technological 
Service, leading his appointment 
assistant secretary and, later, senior 
assistant secretary. 

During World War II, served 
gunnery officer USS Orizaba, execu- 
tive officer and commanding officer 
USS Saturn, and commanding officer 
USS Lumen. aiso served 
assistant engineer and material officer 
the staff Commander Service Force, 
Atlantic Fleet. 
rank commander, and was recently 
retired from the Naval Reserve. 

Mr. Marshall member the 
Society for 
Education, ASME, Human Factors 
Society, Naval Inst., Tau Beta Pi, 
Army and Navy Club, Georgia Tech 
Club New York, Engineer’s Club 
New York, National Society Pro- 
fessional Engineers, and Engineering 
professional engineer the state New 
York. 

Mr. Van Atta has been assistant 
secretary ASTM since shortly after 
joining the staff that, 
for was assistant managing 
director and manager the Building 
Associated General Contractors. From 
1946 1952, was assistant secretary 
the American Concrete Inst. and 
later acting secretary-treasurer. 

Mr. Van Atta native Michigan 
and was graduated from Michigan 
State University 1934 with the 
degree B.S. with High Honor. 
Early experience included precise level- 
ing with the Coast and Geodetic 
Survey, foundation exploration and 
construction with the Tennessee Valley 


attained 


JR. 


Authority, hydraulic engineering with 
Ahe Engineers, and structural 


steel design. 


During World War II, served 
construction engineering officer with the 
Army Corps Engineers the 
States and the Philippine Islands. 
Reserve. 

Mr. Van Atta Fellow the 
American Society Engineers, 
member ASTM, American Concrete 
Inst., Tau Beta Pi, Phi Kappa Phi, and 
past director the National As- 
sociation Exhibit Managers. 
registered civil engineer South 
Carolina. 

Mr. Hess well known materials 
since 1920. 
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Standardization and the Purchaser 


standardization subject that covers 
very wide area—from the scientific field 
outer space the more common 
weights and measures. The area 
should like touch standardi- 
zation the manufacture materials— 
the making product fixed sizes 
and weights and other basic physical 
characteristics. Standardization this 
nature what enables the automobile 
industry, for example, mass produce 
cars the rate does. 

primary concern not the 
manufacturing standardized prod- 
uct but the purchase material and 
equipment maintain and operate 
railroad. Purchasing people well 
manufacturers are interested and play 
part the setting standards. Stand- 
ardization can, and does, occur within 
single concern fill its own needs. 
Here where nationwide industries, 
such the railroads, create problems 
that make standardization almost im- 
possible. Please note said 
because problem that is, neces- 
sity, getting lot attention and some 
progress being made. 


Standards Have Benefited the 
Raiiroads 


believe that one the first major 
problems railroads faced when the in- 
dustry was its infancy was trying 
agree standard gage railroad 
tracks. When this was finally resolved, 
entire new conception railroad 
transportation evolved, because freight 
car could move from one line another 
without the necessity stopping the 
end each company’s track and having 
the contents reloaded into the next 
line’s equipment. You can well imagine 
the amount time that would lost 
and the potential damage goods 
handling this were still true today. 

This principle standardization, 
however, has unfortunately never been 
carried the degree some the 
major necessary items that railroad 
purchasing people would like see. 
One the reasons for this the feeling 
that once suppliers have tied product 
down standardized size, weight, 
shape, there would perhaps 
tendency higher profit through re- 
duction quality. feeling being 
overcome slowly for the following rea- 
sons: 

Presented the Third Pacific Area 


National Meeting of ASTM, San Francisco, 
Calif., Oct. 11-16, 1959. 


Standardization provides definite 
equal opportunities for competitive 
bidding product, and this broadens 
competition and helps ensure quality 
giving the purchaser basis for com- 
parison. 

also often makes available 
more sources supply. 

lowers unit costs making 
mass-production methods 
This, turn, makes quantity discounts 
possible and increases the ability 
manufacturer make long-range mate- 
rial planning programs. 

enables the purchaser oper- 
ate smaller inventories less cost, 
buy more economical quantities, 
and improve the delivery time 
material because greater availability. 
The size inventory carried great 
importance every well-managed com- 
pany. Unless the inventory realistic, 
large amount working capital can 
tied unnecessarily. 

The reasons just mentioned are pur- 
chasing reasons and are only few, 
among many, but all comes down 
trying achieve the basic purchasing 
objective obtaining greater value for 
lower cost. 


possible. 


But Much Remains Done 


the railroad industry are cur- 
rently concerned with number 
standardization projects. 

For one example, let’s take look 
rail sections (sizes rail) use 
American railroads today. The Pur- 
chases and Stores Division the Asso- 
ciation American Railroads has 
active committee simplification and 
standardization, and this group reported 
rail sections this among many 
other things, and came with some 
very interesting facts. The fact that 
one the five major producers rail- 
road rail this country declined 
participate the study leaves in- 
complete, but perhaps the picture would 
have been even more involved had they 
participated. 

They discovered that there are 
least rail sections made and available, 
ranging from 155-lb rail. Owing 
the railroad industry’s arbitrary use 
many different rail sections, the 
rail producers are required make 
ten roll changes per month. 
This amounted annual figure 
57,800 man-hr, $157,009 for labor 
change rolls. Frequent changing 
considerable handling 
costs, and production planning costs 


up. was further developed that 
about per cent all rail was produced 
only five sections. This means that 
for per cent the rail produced 
storage facilities must provided, in- 
carried, and interest invest- 
ment rolls provided for much 
greater amounts than for the per cent. 

The costs mentioned here are included 
the selling price new‘rail. 
apparent that the use such large 
variety rail sections American 
railroads has very important bearing 
the production costs rail. There- 
fore, follows that the railroads can 
much ‘to reduce rail production costs 
through standardization. 

might well mention also that 
for one type rail section, one steel 
company makes 400 different frogs, 143 
different switches, and different 
guard rails. When one considers other 
sections rail and other companies 
making this type material the total 
number different rail fittings becomes 
staggering. Suffice say that here 
area begging for standardization. 

addition rail, there the equip- 
ment used carry the goods being 
transported. Probably the most com- 
mon freight car use today called 
standard 50-ton general-purpose box 
car. This sounds good and people say 
“at the railroads are getting 
standard piece equipment, one that all 
companies have and Upon in- 
vestigation, however, the manufacturers 
this type car, reporting the 
sides, doors, ends, and roofs the cars 
made, had the following offer: Car 
sides varied length from in. 
in., with seven variations 
somewhere between. The height 
car sides are made from in, 
addition the variations size, 
there are many differences construc- 
tion such as: 


Welded riveted sides, 
Special side plate sections, 
Special sill reinforcements, 
Side post variations, and 
Various sizes, weights, and de- 
signs steel sections used. 


The car doors appear fairly 
standard, but here find door open- 
ings with twelve different heights from 
themselves vary width from 
ments and height from in. 
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The esr ends and roofs are, course, 
guided the length and height the 
car, there are again many variations. 

Advantages the carload 
pointed out here car sides, door 
openings, and doors were made 
standard. One example consider im- 
portant the repair car having its 
sides doors damaged. Under present 
rules governing car repair interchange, 
car damaged must returned the 
owner’s shops for repairs, the owner 
must ship parts the railroad making 
repairs. these items were standard- 
ized, the car could repaired anywhere 
done with such items couplers and 

One other thing that would improve 
with standard box car delivery time 
these repair parts. All manufac- 
turers car sides, ends, roofs, doors, 
etc., could keep inventory hand 
with the knowledge that could used 
any railroad the country. This 
would assure the railroads much faster 
delivery than the inventory 
stricted only the 
originally manufactured 
Also, from purchasing point view, 
this would possibly eliminate the neces- 
sity for individual company carrying 
any inventory these large, costly 
items. 

The two things have men- 
tioned are only examples what wide 
variety differences exist in, first, 
item for which there has been little at- 
tempt standardize and, second, so- 
called standardized item. What have 
said about the standard box car has 
tendency make people purchasing 
view any product called standard, 
standardized, with reservations until 
proved real standard. other 
words, evident that many items are 
standardized name only and must 
investigated thoroughly 
purchased for replacement 
changeable parts. 


There Are Pitfalls 


one the most difficult tasks facing any 
group. There are many things that 
must overcome, and the first these 
the individual’s desire for his own 
preference and the belief that his partic- 
ular specifications are the best. have 
heard said many times that when 
executives are asked about their feelings 
they immediately 
have the reaction that good thing, 
but following this generally 
found that will agree standardiza- 
long others concerned will 
along with his ideas. 

Obviously, there are limits beyond 
which not feasible push standard- 
standardization provide universal 
answer material purchasing prob- 
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BRUNBERG joined the Western Pacific Railroad 
1937, occupying various positions prior World War 
1952 took part research study store operation 
from which modern store facilities were constructed and 
methods and procedures were streamlined. 1953 Mr. 
Brunberg was appointed Manager and Stores, 
1956 was promoted Manager Purchases and 
and April, 1959, was appointed Director Purchases and 
Stores. Mr. now occupies the position Assistant 
the Marketing Division 
Western Pacific. 


lems expect other programs such 
human relations, work measurement, 
forecasting, organization planning, and 
the like provide all the answers for 
other management problems. their 
very nature, the standards evolved can- 
not either perfect perfectly com- 
prehensive, any more than they can 
permanent. 

try standardize too much too 
finely would, perhaps, nearly 
serious mistake not standardize 
believe that where overstandardization 
exists, progress retarded because man- 
ufacturers become tied down with 
rigid specifications that research for 
new product suffers. feel, 
however, that not standards, 
such, that straightjacket operations but 
rather the failure arrive adequate 
standards the beginning. Similarly, 
not the standards that retard prog- 
ress but the failure revise them when 
the need arises. 


Responsibility the Purchaser 

believe that purchasing officers have 
definite responsibility this 
they should encourage suppliers con- 
tinue their efforts make “better 
and where standards 
exist, purchasing people should indicate 
their willingness manufacturers 
institute action with their companies for 
progressive and constructive modifica- 
tions existing standards. 

the area standards, there one 
type like call purchasing standards. 
Broadly conceived, purchasing stand- 
ards can cover everything company 
buys, and for some companies they do. 
However, for most companies, explicit 
standards used purchasing 
marily materials standards. These 
standards may developed the de- 
sign product for its ultimate use 
performance standards defining ac- 
ceptable materials for company use. 
either event, they attempt become 
the means clear communication be- 
tween the departments requisitioning 
materials and the department processing 
purchase orders. The significance 
materials standards developed primarily 
from engineering standpoint may 
different from that standards de- 
veloped other bases, since one case 
technical considerations may 
mount and the other case such eco- 


nomic factors price, availability, and 
use must considered. 
When materials standards used pur- 
chasing are among the standards dealt 
with any item, can readily seen 
that the reconciliation different points 
view becomes very important and 
necessary function. 

While remarks have principally 
concerned railroad purchasing, the fac- 
tors mentioned are generally true all 
industry procurement. The National 
Association Purchasing Agents, 
both national and local level, has long 
recognized the need for standardization 
and has been extremely active this 
effort through their Value Analyses and 
Standardization Committee work. 

Finally, would like again express, 
from purchasing viewpoint, some 
the advantages that feel standardiza- 
tion offers: 

First, the reduced cost stand- 
ardized product because greater 
manufacturing competition. 

Second, the enhanced 
because more sources supply, 
which, turn, reduces the length 
delivery times. 

Third, material costs are maintained 
decreased the result making 
mass production techniques possible. 

Fourth, company can operate 
reduced inventory, with faster 
turnover, and thus reduce losses through 
deterioration and obsolescence. 

closing, believe one comment 
appropriate—while there has 
progress the field standardization, 
there appears one area the over- 
all effort that somewhat deficient. 
referring the actual creation 
standards. There seems pattern 
ting the specifications and standards. 
This can come from Engineering, Re- 
search, Production, etc. joint de- 
partmental effort were made create 
standards rather than have these take 
form one department only, would 
appear that more realistic specifications 
and standards could created. 
having all departments involved play 
active part this effort, recognizing 
the importance standardization, en- 
couraging, suggesting, and placing into 
effect its principles, better job can 
achieved for our companies reduce ex- 
penditures and, conversely, increase 
profits. 


' 
a 
t 
ave 


ASTM Standards for Highway 


HVEEM 


SHOULD LIKE present 
the viewpoint state agency the 
usefulness ASTM standards the 
field highway materials. 
particular field, there alternative 
namely, the publications the 
American Association State High- 
way Officials. While 
ifications are modeled after those 
ASTM and many cases are identical, 
nevertheless, occasionally 
tests and modifications are introduced 
that are more agreeable the highway 
engineer than may the case with some 
fore, state highway agency has con- 
siderable latitude choice the form 
specifications that may used, and 
far the department that rep- 
resent concerned, have the option 
following ASTM, AASHO, our 
own special requirements and are not 
adequacies ASTM standards. 

There are not many points that merit 
legitimate criticism, and therefore these 
comments should interpreted 
saying that general fully ap- 
preciate the value the ASTM 
standards, and, common with most 
other technical organizations 
United States, fully realize the great 
value, dependability, and general suit- 
ability ASTM methods. 


Pull and Haul Committees 


held the view that the plan 
providing does for rep- 
producers, consumers, and general in- 
terests, with the producers the 
minority. spite the soundness 
this theoretical setup the committees, 
however, the actual operation times 
something less than ideal. Thus, 
there have been occasions when produc- 
ing interests have been able obstruct 
desirable changes standards. This 
situation usually comes about simply 
the question test requirements all- 
important, manufacturers 
ducers usually see that they are 
well represented committee meetings 


Presented the Third Pacific Area 
National Meeting of ASTM, San Francisco, 
Calif., Oct. 11-16, 1959. 

Test for Measuring Mortar- 
Making Properties Fine Aggregate (Tenta- 
tive), 1958 Book 
Part 509. 


where the business transacted. This 
ducers; rather testifies the impor- 
tance that they attach ASTM stand- 
ards and committee activities. 
contrast, 
tives, especially those representing pub- 
lic agencies, often find very dif- 
ficult impossible secure approval 
for travel expense attend ASTM com- 
mittee meetings. 

All ASTM specifications are the result 
joint effort the part producers 
and consumers. typical and char- 
picture, however, places the 
user the role trying write defi- 
nite and relatively 
ifications order make sure that 
the agencies paying for the material 
will get what they want. also al- 
most universally true that producer 
members such group will seek- 
ing for greater tolerances, more latitude, 
and general trying broaden the 
specifications that they 
come ineffective meaningless. 
also true that certain producers 
have sought promote test 
methods that were more restrictive 
certain respects than appear neces- 
sary simply because they were able 
meet the restrictive specifications with 
ease and therefore certain cases were 
able gain advantage over their 
competitors. 


Obstructive Tactics 


One good illustration obstructive 
tactics has been the consideration 
establishing limitations the alkali 
content portland cement. The 
original working committee was com- 
posed seven members, three whom 
formed vast amount work and 
produced exhaustive data prove that 
there was need for restricting the 
alkali content cements when reactive 
aggregates were involved. One the 
producer members, 
produced data show that simply 
restricting the alkali content might not 
complete solution the problem. 

The other two producer representa- 
tives, however, did work, entered 
into discussion, but when the time 
came for final decision within the sub- 
committee, they voted and the 
three negative votes were sufficient 
kill recommendation that optional 
limitation alkalies ineluded 


ASTM specifications for 
ment. Asa result this action, ASTM 
specifications still not recognize 
the alkali constituent portland ce- 
ment important factor its 
performance. While now seems prob- 
able that the Society will ultimately 
specifications providing 
limitation alkalies, this important 
step has long been delayed, primarily 
because producer opposition. 

most instances, the Society will 
not adopt specification requirements 
the face determined opposition 
vocal minority even though there 
strong sentiment for adoption the 
part the great majority. case 
point the move relegate the ten- 
sile strength test for portland cement 
tions now provide that unless other- 
wise stipulated the purchaser, the 
requirements for tensile strength only 
shail apply. has been the desire 
the majority provide that the com- 
requirement 
apply unless otherwise specified. Con- 
vincing data have been presented 
show that the compression test 
ducing properties the 
concrete both 
flexure. this case, appears that 
the commercial laboratories 
chief opponents the move indicate 
preference for compression tests. 
action presumably has stemmed from 
the fact that compression testing 
requires more costly equipment. 
date, the specifications still state that 
tensile requirements will apply unless 
otherwise specified. contrast, the 
AASHO specifications provide that the 
compressive requirements shall apply 
unless otherwise stipulated 


compression and 


Needs for Specific Changes 


There are number specific ex- 
amples which feel that ASTM 
standards could changed improved 
the advantage most those who 
pay for materials. For example, 
method for limiting the amount clay- 
like particles concrete aggregates 
than simply stipulating the amount 
No. 200 sieve. The present 
ASTM Method Test for Measuring 
Mortar-Making Properties Fine Ag- 
gregate tells very little about 
the strength-producing 
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sands concrete. The ASTM 
fications for Ready-Mixed Concrete 
94)? should more with 
respect means for recording the 
mounted mixer. Freezing-and-thawing 
are believed unrealistically 
severe. 


Manufacturer Favored 


There another criticism that can 
made which somewhat similar 
the foregoing, namely, that most 
direction will always lean favor 
the manufacturer. This point may 
illustrated the following quotation 
relating structural steel: 


“All tests (except check analysis) and 
inspection shall made the place 
manufacture prior shipment, unless 
otherwise specified, and shall con- 
ducted not interfere with the opera- 
tion the 


has been our experience that the 
ricating plants impossible com- 


Specifications for Ready-Mixed Con- 
crete, 1958 Book of ASTM Standards, 
Part 4, p. 600. 

Method Test for Resistance Con- 
Specimens Rapid Freezing and 
Thawing Water (Tentative), 1958 Book 
ASTM Standards, Part 684. 

Test for Resistance Con- 
crete Specimens Rapid Freezing Air 
and Thawing Water (Tentative), 1958 
Book ASTM Standards, Part 688. 

Method Test for Resistance Con- 
crete Specimens Slow Freezing and Thaw- 
Book ASTM Standards, Part 692. 

Method Test for Resistance ‘of Con- 
crete Specimens Slow Freezing Air and 
Thawing in Water (Tentative), 1958 Book 
ASTM Standards, Part 696. 

Requirements for Delivery 
Rolled Steel Plates, Shapes, Sheet Piling, 
and Bars for Structural Use (Tentative), 
1958 Book of ASTM Standards, Part 1, 
p. 429. 

presented meeting the Canadian 
Technical Asphalt Assn., November, 1958. 


ply literally with this wording and still 
think that more realistic and equi- 
table balance would exist the last 
part the paragraph were changed 
read: 

cooperation between the manufacturer 
and the representative the purchaser 
that interference with the .operation 
the works shall held the minimum 
compatible with good 


Overlapping 


Another field for criticism the fact 
that there often overlapping and lack 
clear-cut objectives for some the 
difficult matter prevent such over- 
lapping, but would seem that 
thought has been 
given the scope the committees 
and they have been set without 
realization the direction 
the work would inevitably lead. For 
example, 1957, Subcommittees B-18 
and B-19 ASTM Committee D-4 
Road and Paving Material were 
simultaneously working the design 
oven for the thin-film test for 
paving 

Slow Progress 

There have been criticisms because 
with workable specifications. For ex- 
ample, Mr. Warden has 


Papers Invited for Symposium 
Electron Device Processing 


Ma- 
TERIALS for Electron Tubes and Semi- 
conductor Devices will sponsor three- 
day Symposium Materials and Elec- 
tron Device Processing, April 
1961, the Franklin Inst. Phila- 
delphia, Pa. symposium will deal 
principally with the chemistry and 
physics device processing 
bring date and expand the areas 
covered the 1958 Symposium 
Cleaning Device Compo- 
nents and Materials, published the 
Society STP 246. expected that 
this symposium will deal extensively 
with variety materials and process- 
ing problems common electron tubes 
and other solid-state devices. 
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positions the highway field. joined the Materials and 
Research Department 1930, and became materials and 
research engineer 1951. member the American 
Society Civil Engineers and ASTM. the author 
several technical papers. 


committees ASTM... 
have worked this problem for years. 
Why then have these efforts not been 
more 


Mr. Warden went say: 


“Such committees are composed 
men who have full-time jobs and responsi- 
bilities elsewhere. Meetings 
normally only once possibly twice 
year. Customary committee activities 
basis are not conducive rapid 
progress reason .ts physical make- 


Test Methods Praiseworthy 


have dealt mainly with the content 
ASTM specifications for materials. 
The other important activity the 
Society the field developing 
methods test. testing agency, 
are fully aware the pitfalls that 
arise from ambiguous incomplete 
statements test conditions. this 
respect, can offer little but praise 
for the conscientious 
suming work the committees. 

is, course, much easier crit- 
icize than suggest how con- 
ditions may improved drawbacks 
eliminated. With respect 
fications for materials, does appear 
that the Society should not lean any 
further than now does the 
tion protecting favoring the 
producer manufacturing interests. 


Areas covered will include de- 
tection and removal contaminants 
from device materials; examination and 
evaluation materials and device proc- 
essing facilities, such chemical etch- 
ants and solvents; ambient conditions 
including furnace atmospheres and dust 
and lint control; and the chemistry 
and physics device activation and 
reliability. 

number papers have aiready been 
submitted for inclusion the program. 
Additional papers are invited. Those 
desiring submit paper for consider- 
ation should submit the title and 200- 
word abstract Koontz, Bell 
Telephone Laboratories, Inc., Murray 
Hill, Titles and abstracts should 
Dr. Koontz’s hands not later than 
January 1961. Manuscripts are de- 
sired February 15, 1961. 


New SAE Secretary 


Many members ASTM will 
interested know that the 
edged dean society 
secretaries, John Warner, long- 
time secretary and general manager 
the Society Automotive Engineers, 
retired from those positions July 
and became consultant. was 
succeeded Joseph Gilbert, who had 
been his assistant for some time. The 
ASTM Staff down through the years has 
had many and pleasant and construc- 
tive contacts with both Messrs. Warner 
and Gilbert. SAE and ASTM are 
joint sponsors number important 
activities the field standardization 
and research, and there considerable 
cross representation the respective 
technical committees. 
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Scott Urges Larger Effort 
International Standardization 


Cites Progress Electrical Insulation Field 


Dr. Scott, view the many 
opportunities you have had 
the growing industrial capacity other 
countries your various trips abroad, 
you feel that this growth offers 
challenge the United States? 


Lam deeply concerned with the 
lack interest this country 
international standards. are too 
smug our feeling that our technology 
and industry lead the world—that our 
way best, that not need inter- 
national standards. are share 
international markets—especially the 
markets opening underdeveloped 
countries—we must become more stand- 
Countries that are just 
now 
industry will most likely pattern their 
standards after international standards, 
foreign market don’t participate 
fully. should, therefore, take 
more active part developing inter- 
national standards make sure that 
our point view well presented. 


resources and 


Besides the economic advantages, 
what are some other benefits inter- 
national standardization, 
them? 


Apart from the help trade rela- 
tions provided uniform standards, 
great this may be, have also the 
stimulus provided exchange ideas 
and technical information the inter- 
national level. 
meetings help know each other 
better and decrease our distrust one 
another. They contribute small 
way the building permanent 
peace the world. 

How does the work the 
relate ISO and the UN? 

The International Electrotechnical 
Commission, IEC, was organized 
1906. Since then the many 


vou see 


recom- 


the eve his trip New Delhi, India, member the 
delegation the meetings, Arnold Scott told Frank Speight 
the ASTM Staff why imperative for this country step its effort 


international standardization work. 


Dr. Scott, with the National 


Bureau Standards, currently chairman Committee D-9 Electrical 


Insulating Materials. 


has been chairman ASA Sectional Committee 


C59 Electrical Insulating Materials since 1949 and the technical advisor 


insulaiion the 

technical Commission. 
national meetings. 
BULLETIN readers. 


mendations has published have helped 
coordinate and unify the standards 
member countries. 1947, the IEC 
became affiliated with The International 
Standards Organization (ISO) 
electrical division, while preserving its 
technical autonomy. 
Through the ISO, the IEC has con- 
sultative status with the Economic and 
Social Council the United Nations 

Seven working groups LEC Techni- 
cal Committee Insulating Ma- 
terials held meetings during the general 
1954. Inthe relatively short time since, 
there have been published recom- 
mendations dealing with methods for 
insulation (IEC 93) and for tracking 


index under moist conditions 
Another publication, 
pedia Electrical Insulating Ma- 


being published English, 
French, and German. Other mono- 
graphs individual materials are being 
prepared. This project was led the 
Swiss members IEC/TC15. Other 
documents that are well along toward 
approval deal with measuring electric 
constant and dissipation factor. Also 
the works are publications condi- 
tioning and thermal 
materials and requirements for cells 
used measuring resistivity. 


National Committee for The International Electro- 
has represented the United States many inter- 
Mr. Speight reporting the conversation for the benefit 


The work revising the temperature 
classifications insulating materials 
going internationally. has 
worked closely with Insula- 
(of, the Rotating 
Machinery Committee} the develop- 
ment Publication 85, 
tions for the Classification Materials 
for Insulation for Electrical Machinery 


and Apparatus Relation their 
Thermal Stability This 


publication and the others mentioned 
are available this country from the 
American Standards Assn. 


What other projects are under 


are indicated the titles 
the present nine working groups: 
(1) electric strength; (2) volume and 
surface resistance, insulation resistance, 
and conditioning materials for test, 
(3) tracking and resistance, (4) 
voltage endurance including effects 
corona, (5) assembly 
pedia electrical insulating materials; 
(6) constant and loss proper- 
ties; (7) temperature characteristics 
materials, (8) effects nuclear and 
high energy radiation, and (9) mechani- 
cal properties materials. 

addition the insulating ma- 
terials committee, how many other 


committees are there LEC? 
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(UNESCO) 


Air Force 
Illuminating Engrs. Soc. 
Acoustical Stds. Board 


Am. Soc. Mechanical Engrs. 
Agency 


Armed Services 
Inst. Radio Engrs. 


Federal Communications 


Advisory 


Groups 


deeply with the lack 
interest this country 
standards.”’ 


are now technical com- 
mittees, and subjects include nomen- 
clature, turbines, traction equipment, 
power converters, lamps, 
electron tubes and semiconductor de- 
vices, and electric fans, among others. 


ject—the matter increasing the level 
participation international activity. 
easy see how adequate repre- 
sentation can provided 
countries where all the standardization 
under government auspices. But 
here the United States have many 
groups working standards. How 
they channel their efforts? 

Perhaps should have brief 
rundown how our participation 
the IEC effected. The chart 
(Fig. shows how the various interests 
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United Nations 


Am. 


U.S. 
National 
Committee 


Nat. 


Participation 


Fig. 1.—Organizations participating 


are mobilized provide united front 
for LEC participation. 

The member the IEC the 
National Committee, which oper- 
ates conjunction with the American 
Standards Assn. The USNC looks 
appropriate sectional committees organ- 
ized under ASA rules provide the 
working committees and delegations. 
looks its member organizations 
for policy guidance and some cases 
financial support for representatives 
attend meetings. 


Would trade association, say, 
pay traveling expenses for delegates who 
might not able get support from 
their companies? 


this done, but this type 
support very limited. believe that 
more general financial support should 
made available. The most desirable 
delegate, for example, might from 
small company that not position 
pay the expenses the meetings 
time after time, even though continuity 
representation highly desirable. 
Furthermore, most companies can jus- 
tify these expenses only the basis that 
the delegate can transact business for 
his company the area where the 
meeting being held. This has made 
difficult get delegates the New 
Delhi meeting this fall, because few 
companies have business transact 
there. 

should evident that money 
spent for traveling expenses for dele- 
gates well spent, and such support 
should increased both individual 
companies and trade associations 


Inst. Electrical Engrs. 
Am. Soc. for Testing Mats. 
Electric Light and Power Group 
Bureau Standards 

Nat. Electrical Mfgrs. Assn. 
Electronic Indust. Assn. 
Telephone Group 


Assn. Am. Railroads 


(For 
ASA Sect. Comm. 
Elect. Mats. 


improve our position international 
standardization. 


While are participating 
international standards work, are there 
some areas where are not well 
represented not represented all? 


should point out that inter- 
national standardization the electrical 
field older and better established than 
other industrial areas. The IEC 
has been operating for over years, 
whereas the ISO has only been going 
for about years. Even the elec- 
trical field, however, there need for 
increased participation. There 
are number LEC committees 
which the does not participate. 
should seek have active participa- 
tion all the areas—especially those 
greatest industrial significance. 


are too smug our feeling that our 
technology and industry lead the world— 
that our way best, that not need in- 
ternational 
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The ASTM publications scheduled appear within the next 
months are the crystallization the Society’s recent activities, 
and possibly summary the Society’s work more effective 
than one coming publications. From the Third Pacific Area 
National Meeting last October special technical publications 
have resulted, which greatly increased our volume publications 
for the year. The following pages preview the coming year’s 
publications and review some that are already print. 

future publications become available, members will 
advised, and notices will appear the Most the 
publications will bear special prices for members 


Regular Publications 


1960 Supplements 1958 Book 
Standards 


The three-year cycle the Book Standards marks 1959 
and 1960 Supplement years. The 1960 Supplements 
the 1958 Book Standards will issued ten parts heavy 
paper covers. These books will include the new and revised 
standards and tentatives adopted accepted the 
Annual Meeting the Administrative Committee 
Standards. The ten parts, totaling some 2000 pages, are: 


Part 1—Ferrous Metals 

Part Metals (Specifications), Electronic Ma- 
terials 

Part Testing Metals (Except Chemical Analysis) 

Part 4—Cement, Concrete, Mortars, Road Materials, Water- 
proofing, Soils 

Part Products, Ceramics, Thermal Insulation, 
Acoustical Materials, Sandwich and Building Construc- 
tions, Fire Tests 

Part Paper, Adhesives, Shipping Containers, Cellulose, 
Leather 

Part Products, Lubricants, Tank Measurements, 
Engine Tests 

Part Naval Stores, Aromatic Hydrocarbons, Coal and 
Coke, Gaseous Fuels, Engine Antifreezes 

Part 9—Plastics, Electrical Insulation, Rubber, Carbon Black 

Part Soap, Water, Atmospheric Analysis, Wax 
Polishes 


Several the parts are now press. hoped that all 
parts will available the end the year. 


Methods for Chemical Analysis Metals 


new edition this book this year will contain all the 
current ASTM methods for the chemical analysis ferrous 
and non-ferrous metals and alloys, including methods for 
spectrochemical analysis. essentially part the Book 
ASTM Standards. These methods are intended for general 
use buying and selling materials according specifications 
and are planned provide such precision and accuracy that 
when used competent analysts they will found satisfactory 
for judging the adherence materials specifications. 


Compilations Standards 


many factors affect the release the compilations that 
not possible this time give accurate estimate 
their size the dates they will available. The size 
affected committee recommendations which may sum- 
mitted through the Administrative Committee Standards, 
and the date issue governed somewhat editorial con- 
siderations and the relation the special compilations the 
appearance the various parts the Supplements the 
Book Standards. The tabulation given below is, therefore, 
approximate. 


STANDARDS COMPILATION SCHEDULE 


Approxi- 
mate mate 
Number Appearance 
Committee Pages Date 


Sponsoring 


Steel Piping Materials October 
B-5 Copper and Copper Alloys 
Electrodeposited Metallic 
Coatings 144 
Cement 288 December 
Mineral Aggregates, Concrete, 
and Nonbituminous High- 
way Materials November 
Gypsum Products, Plaster 
Aggregates, and Related 
Standards November 
Petroleum Products 
Vol. 
Vol. 758 December 
Bituminous Materials for 
Highway Construction, 
Waterproofing, and Roofing October 
Soaps and Other Detergents 28: January 
Textile Materials November 
Methods for Emission 
Spectrochemical Analysis 
Student Pamphlet? 


November 
September 


Announced September Bulletin. 
Available now. 


Petroleum Products and Lubricants 
Compilation Standards, D-2 


(Vol. available now) 

The rapid expansion standardization work the petro- 
leum field has necessitated the publishing the 1960 Compila- 
tion ASTM Standards Petroleum Products and Lubricants 
two volumes. The first volume now available. 

Contents for the first volume include: measuring and 
sampling petroleum and petroleum products, crude petroleum, 
liquefied petroleum gases, butadiene, motor and aviation 
fuels, petroleum solvents and naphthas, diesel fuels, distillate 
and residual fuels, kerosine and illuminating oils, engine 
lubricating oils, industrial oils, cutting oils, 
lubricating greases, petrolatum and paraffin waxes, and graphite. 

The volume contains many appendices, including pro- 
posed methods published information only. few the 
new standards included are: Analysis Butane-Butene 
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Mixtures, Luminometer Numbers Aviation Turbine Fuels, 
Functional Life Ball-Bearing Greases, and Rust-Preventa- 
tive Properties Lubricating Greases. 


ASTM Standards Products and Lubricants, Vol. 
1130 pages, hard cover, price $9.50, members $7.60. 


Bituminous Materials for Highway 
Construction, Waterproofing, and Roofing 


Compilation Standards, D-4, D-8 


(Available now) 


The 1960 edition the Compilation ASTM Standards 
Bituminous Materials for Highway Construction, Water- 
proofing, and Roofing, containing over specifications, 
methods tests, and definitions, serves guide for the 
production and use bituminous materials both highway 
and building construction. 

Over standards are new, revised, changed status 
since the compilation was last issued 1958. Among the 
newly added standards are: Specifications for Asphalt Paving 
Mixtures, Hot-Mixed, Hot-Laid; Specification for Woven 
Glass Fabrics Saturated with Bituminous Substances for Use 
Waterproofing; Method Test for Coating and Stripping 
Bitumen-Aggregate Mixtures; and Method Test for Failure 
End Point Accelerated and Outdoor Weathering Bitumi- 
nous Materials. 

This volume invaluable highway engineers, state 
highway departments, and others concerned with the national 
highway program. Builders and others working with roofing 
and roofing materials will find this volume extremely useful. 


{S7'M Standards on Bituminous Materials for Highway Constrtic- 
tion, Waterproofing and Roofing, 488 pages, hard cover, price 
$5.50, members $4.50. 


1960 Index ASTM Standards 


This Index ready reference for locating any 
standard appearing any the ten Parts the Book 
ASTM Standards and the Methods Chemical Analysis 
Metals. The Index also service ascertaining whether 
ards are listed subject and also numerical designation. 
the number published ASTM standards grows, this 
Index increases value. 


1960 Proceedings 


This 1400-page volume records the technical accomplish- 
ments the year, including reports, papers, and discussions 
offered the Society during the and accepted for the 
Proceedings. the Society’s publications program has 
expanded greatly recent years with 
number Special Technical Publications, the Proceedings 
remains the repository factual information and record 
the Society’s work. important adjunct Subject and 
Author Index all papers published any form the 
Society 1960. 


Year Book 


The Year Book contains list the complete membership, 
address, company). This being even-numbered year, the 
complete lists subcommittee personnel will published. 
The 1959 edition contained list the subcommittees and 


* Presented at the 1960 Annual Meeting in Atlantic City, N. J., 
June 


October 1960 


their officers but not the complete personnel. Reference will 
need made the 1959 edition for the geographical 
listing membership, which published the odd-numbered 
years but omitted the even-numbered years. The Year 
Book also contains other useful information about the Society. 
furnished members without charge, request, and 
may purchased committee members. 


1960 Gillett Lecture* 


Nuclear Fuel Element Development 
Dalzell 


(Available now) 

The Ninth Gillett Memorial Lecture, Element 
was presented Dalzell, assistant the 
director the Division Reactor Development, United 
States Atomic Energy Commission. This lecture, jointly 
sponsored ASTM and the Battelle Memorial Inst., com- 
memorates Horace Gillett, the first director Battelle and 
one this country’s leading metallurgists. 

Probably one the most difficult problems facing the 
designers nuclear reactors that standardization fuel 
elements. this lecture, Mr. Dalzell outlines the scientific 
problems and the engineering and economic considerations 
that are important this developing industry. Research and 
development inethods and observations are also discussed. 

Single copies the lecture, printed separate pamphlet, 
are now available members request. Additional copies 
members, cents List price $1.00. 


1960 Marburg Lecture* 


Solar Energy 


Farrington Daniels 


(Available now) 

The Edgar Marburg Lecture was established memorial 
the first secretary the Society, emphasize the importance 
adding our knowledge properties and tests engineer- 
ing materials. the 1960 Annual Meeting, the 34th Edgar 
Marburg Lecture, entitled “Solar was presented 
Farrington Daniels, Professor Emeritus the University 
Wisconsin. 

The lecture discusses the abundance and limitations 
solar energy and reviews solar energy research, emphasizing 
particularly the new materials that are necessary 
successful application solar energy. The research review 
includes the subjects heating and cooling, distillation 
salt water, solar engines, thermoelectricity 
and photochemistry. 

Single copies the lecture, printed separate pamphlet, 
are now available members request. Additional copies 


Special Publications 


Publications Resulting from 
Third Pacific Area National Meeting, 
October 11-16, 1959 


Symposium Hydraulic Fluids (STP 
Committee D-2 Petroleum Products. 
advances hydraulic fluid technology are described 
this STP. 
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Available now. 108 pages, price $3.75, members (see 
April for 


Papers Soils—1959 Meetings (STP 254)—sponsored 
Committee D-18 Soils for Engineering Purposes. 
This volume all the soils papers presented 
the 1959 Annual Meeting and the Third Area 
National Meeting. Three symposia are included, namely, 
Time Rate Loading Soil Testing, Atterberg Limits, and 
Soils for Engineering Purposes, well general papers soils. 
Available now. 381 pages, price $9, members $7.20 (see 

May for description). 


Symposium Effect Water-Reducing Admixtures and 
Set-Retarding Admixtures Properties Concrete (STP 
jointly Committees C-1 Cement and 
C-9 The future better concrete lies 
increased understanding concreting materials and the 
best manner combining them produce the maximum 
strength and durability, and was for this purpose the 
symposium was organized. 

Available now. 252 pages, price $7.50, members (see 

May for description). 


Symposium Spectroscopy (STP 
jointly Committees E-2 Emission Spectroscopy and 
Absorption Spectroscopy. The theme the pro- 
gram was unsolved problems, and the symposium includes 
emission, X-ray, flame photometry, ultraviolet absorption, 
magnetic resonance, and infrared spectroscopy. 

Available now. 251 pages, price $7, members $5.60 (see 

May for description). 


Symposium Durability and Weathering Structural 
Sandwich Construction (STP 270)—sponsored Com- 
mittee C-19 Structural Sandwich Constructions. This 
symposium was planned cover service experience and 
durability tests for two major users sandwich materials, 
the aircraft and building industries. 

Available pages, price $3, members $2.40 (see 

May BULLETIN for description). 


now. 


Symposium Newer Metals (STP 
Committee B-2 Non-Ferrous Metals and Alloys. The 
three topics covered this volume are properties re- 
fractory metals, nuclear and light metals, and processing 
newer metals. 

Available now. 224 pages, price $7.25, members $5.80 

(see May for description). 


Symposium Fatigue Aircraft Structures (STP 274)— 
sponsored Committee E-9 Fatigue. The purpose 
this symposium was discuss recent advances and the 
current state development solutions various phases 
the aircraft fatigue problem. 

Available now. 144 pages, price $4, members $3.20 (see 

July for description). 


Symposium Air Pollution Control (STP 281)— 
sponsored Committee D-22 Methods 
Sampling and Analysis part its continuing program 
toward solution air pollution problems exchange 
information and establishment standards for analysis 
the atmosphere. 

Available now. pages, price $1.50, members $1.20 (see 

July for description). 


Materials Nuclear Applications (STP 
Symposium Ceramics Nuclear Energy, sponsored 
Committee C-21 Whitewares and Related 
Products; Symposium Radiation Effects and Dosim- 
etry, sponsored Committee Radioisotopes and 


Radiation Effects; and Symposium Post-Irradiation 
Effects Polymers, sponsored jointly Committees D-9 
Electrical Insulating Materials and D-20 
Also several papers industrial water for reactor use, 
sponsored Committee D-19 Industrial Water, are 
included this volume. 

Available now. 350 pages, price $8.25, members $6.60 

(see September BuLLETIN for description). 


Symposium Nondestructive Testing the Missile 
Industry (STP 278)—sponsored Committee E-7 
Nondestructive Testing. The purpose this symposium 
was establish background unclassified literature 
limited number specific applications nondestructive 
testing and stimulate thinking outlining many the 
present nondestructive testing problems the missile 
industry. 

Available now. pages, price $2.00, members $1.60 (see 

September for description). 


Symposium Bituminous Waterproofing and Roofing 
Materials (STP 280)—sponsored Committee 
Bituminous Materials for Roofing, Waterproofing, and 
Related Building Industrial Uses. the eight papers 
contained this publication, five are general 
cover aspects manufacture, inspection, applications, and 
service requirements certain principal 
materials, and three are specialized experimental 
theoretical interest. 

Available now. pages, price $2.50, members $2.00 
(see September BULLETIN for description). 


Symposium Treated Wood for Marine Use (STP 275) 


sponsored Committee D-7 Wood. Marine borers 


have long been recognized presenting major problem 
harbor development aad maintenance, and the purpose 
this publication current information the 
problem. 


Graphite cloth containing soft filaments was styrene 
impregnated, polymerized, and ground flat cloth edge, then lapped 
microcloth with alumina without smearing rearranging the soft filaments. 
Magnification 50X, enlarged 150X, reduced for publication. Twelfth 
ASTM Photographic Exhibit. Peters, Carbon Co. 
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Available now. pages, price $2.50, members $2.00 (see 
article page 18). 


Symposium Road and Paving Materials (STP 
sponsored Committee D-4 Road and Paving Ma- 
terials. During recent years, much experimental work has 
been done the field asphaltic paving mixtures, partic- 
ularly with respect relating the properties asphalt and 
aggregates performance the road. The purpose 
this volume publish some the activities along these 
lines carried out the West Coast groups. 

Available now. 132 pages, price $3.50, members $2.80 

(see article page 18). 


Symposium Applied Radiation and Radioisotope Test 
Methods (STP 268)—sponsored Committee E-10 
Radioisotopes and Radiation Effects. The purpose this 
symposium was develop some proposed ASTM methods 
analysis and testing involving the use radioisotopes 
analyticai tools. 

Available now. Price and size announced. 

(see article page 


Papers Building Construction (STP 282)—comprises 
papers from the Symposium Methods for Testing 
Building Construction, sponsored Committee E-6 
Methods Testing Building Construction, and the Sym- 
posium Wood Building Constructions, sponsored 
Committee D-7 Wood. ‘The necessity for quality control 
structural glued laminated timber, the advantages 
diaphragms and full-scale testing these assemblies, the 
importance satisfactory end joints laminated wood 
beams, screw-holding properties various species wood, 
wood-pole-type buildings, and termite control California 
are presented this publication. 

Available December. 


Symposium Technical Development the Handling 
and Utilization Water and Industrial Waste Water 
(STP 273)—sponsored Committee D-19 Industrial 
Water. The purpose this STP show the variety 
the problems that face providing the water supply for 
our growing population and expanding industry. Progress 
nuclear chemistry requires adequate means treatment 
and disposal radioactive waste well adequate 
methods analysis. The effect industrial wastes 
water for irrigation use and conversion saline water are 
also discussed. 


Available December. 


Symposium Adhesives (STP 271)—sponsored 
Committee D-14 Adhesives. Twenty years ago, there 
Today, building spandrels, aircraft 
fuselages and truck trailers are among the growing list 
items being glued together. subjects covered this 
volume include the experimental work Germany 
metal-to-metal adhesives, high-temperature resistance 
five ceramic adhesives, elevated-temperature-resistant metal- 
to-metal adhesives derived from polymer 
systems, and bonded metal-to-metal shear testing. 
Available December. 


Reinforced Plastics for High-Speed Flight Vehicles (STP 
Committee D-20 Plastics. The 
demands for improved test methods the field reinforced 
plastics are being felt number ways, and hoped 
this publication will contribute the progress this field. 
This volume includes papers from the Symposium Rein- 
Plastics and the Symposium Thermal Ablation. 
December. 
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Other Special Publications 


Symposium Acoustical Fatigue 
(STP 284)* 


Sponsored Committee E-9 Fatigue. 

the past few years new source air-borne vibration 
excitation has become important. The advent supersonic 
flight and the development high-thrust jet propulsion 
systems have greatly increased the level 
generated aerospace vehicles. This acoustical energy now 
large enough many situations excite fatigue-producing 
vibrations—a phenomenon now identified acoustical fatigue 
sonic fatigue. the future, the acoustical environment 
that structures encounter are likely become more severe. 
Thus, unless structures are designed specifically 
acoustical fatigue, serious failure may result. 

The five papers discuss the various properties materials 
important acoustical fatigue, the effect these properties 
acoustical fatigue life, and simulated environmental testing 
procedures for appraising acoustical fatigue properties. 


Symposium Spectroscopic Excitation 
(STP 259)* 


Sponsored Committee E-2 Emission Spectros- 
copy. 
(Available now) 

This symposium considered some the major effects 
excitation caused the sample itself—the so-called matrix 
effects—and the environment which excitation occurs— 
the gaseous atmosphere. These effects encompass wide 
variety phenomena, and would not practicable 
attempt treat all them. However, the intention 
bring out some major causes and effects and examine ways 
which deleterious effects may minimized corrected 
order improve accuracy analysis. One additional 
purpose this volume bring out the more important 
problems excitation that attention may directed toward 
their solution. accomplish this purpose, searching discus- 
sions were considered important, and several authorities have 


prepared discussions which are included the end each 


the three papers. contents are: 

The Matrix Effect Excitation—J. Hurwitz 

Effects Gaseous Atmospheres Excitation—George Ander- 
mann and Kemp 

Some Properties New Modified Excitation Sources— Marvin 
Margoshes 


STP 259, pages, hard cover, price $2.50, members $2.00 


Symposium Nuclear Methods For 


Measuring Soil Density and Moisture 
(STP 293)* 


Sponsored Committee D-18 Soils for Engineering 
Purposes. 

Soil and foundation engineers have for many years eagerly 
awaited development technique for accurate and rapid 
determination the moisture content and density compacted 
fills. Difficulties obtaining measurements conventional 
methods certain types soils sometimes impair the accuracy 
such measurements. Quite recently, the instigation 
several organizations including Cornell University, The Civil 
Aeronautics Administration, and the Army Corps 
Engineers, instruments have been developed using nuclear 
methods. 

This STP the development these methods test 
and the problems incurred. The six papers cover design and 
application the Nuclear-Chicago d/m gage, design and 
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calibration neutron moisture meter, application nuclear 
soil meters compaction control for airfield pavement con- 
struction, experiences with nuclear moisture and density 
surface probes the O’Hare Field project, comparison 
nuclear and sand-cone methods density and moisture 
determination, and evaluation nuclear moisture-density 
testing equipment. 


Symposium Shear and Torsion Testing 
(STP 289)* 


Sponsored Committee E-1 Methods Testing. 

expected that the eleven papers presented this 
symposium will helpful the sponsoring committee 
establishing tentative recommended shear and torsion test 
practices and will also provide useful reference the many 
aspects shear and torsion testing. 

The objectives this symposium were (1) obtain detailed 
descriptions new existing shear and torsion test methods 
used wide variety materials, (2) determine the test 
variables these test methods and evaluate the effects 
these variables test results, (3) compare test results using 
different test techniques conditions, and (4) describe the 
advantages and disadvantage the various test techniques. 

The following subjects are covered the STP: maximum 
shear strain measurement and true yield determination 
the use the photoelastic coating technique, stress distribu- 
tion single-shear sheet specimens, the design and develop- 
ment tensile-loaded shear specimen, investigation into 
the load transfer and shear failure spot welds, bonded 
metal-to-metal shear testing, lap-joint shear test for metal-to- 
metal bonds, preparation metal surfaces for adhesive 
bonding, shear and torsion tests used Forest Products 
Laboratory, technique for torsion testing refractory ma- 
terials temperatures 2800 and photoelastic 
evaluation panel shear test for plywood. 


Symposium Methods Metallographic 
Specimen Preparation (STP 


Sponsored Committee E-4 Metallography. 


Metallography one the most important tools the 
metallurgist the continuous search for new better 
metals, ceramics, and cermets for nuclear and missile applica- 
tions. recent years the metallographer has been called 
upon examine many new and hitherto commercially unused 
metals and alloys increasing quantities. Not only must 
prepare his specimens more rapidly, but because the wider 
use made his field must have better surface preparation 
than ever before. fact, there has never been real advance 
metallography without previous improvement the 
prepared surface. Several the new methods now use are 
described this volume, including those used for rapid polish- 
ing materials and for the preparation extremely fine 
surfaces, well remote-control methods. 

The eight papers and evaluate several new 
techniques including vibratory polishing, chemical polishing, 
attack polishing, and cathodic vacuum etching. Several 
papers point out the usefulness the presently available 
diamond abrasive previous problem areas. The remote 
metallography irradiated specimens also covered. 


describe 


Properties Crystalline Solids (STP 283)* 


Sponsored Division Materials Sciences. 


Recent progress materials sciences and the nature and 
origin strength materials are thoroughly explored nine 
papers presented the first two symposia sponsored the new 


Division Materials Sciences. Solid-state theory, properties 
semiconductors, ductile ceramics, dislocations, and the 
mechanisms creep and fracture are the topics dis- 
cussed. Recent advances solid-state theory and application 
and the relation structure properties materials 
treated the first four papers, which comprise the Symposium 
Recent Progress Materials Seiences. papers 
describe and interpret what now known why materials 
behave they do. Papers the Symposium Nature and 
Origin Strength Materials approach the property 
from different viewpoints consider all major factors con- 
tributing the strength solid materials. Particular atten- 
tion given the properties solids. The 
papers this group cover fatigue, creep and 
fracture, and size and shape effects. 

Also included this volume the talk Baker 
Bell Telephone Laboratories National Role Ma- 
terials Research and which was presented 
the Material Sciences Luncheon.* 


Symposium Quality Observations 


(STP 288)* 


Sponsored Jointly Administrative Committee 
Research and Committee E-11 Quality Control 
Materials. 


The purpose this symposium was discuss some funda- 
mental problems the interpretation measurements. 
The quality test result often implied statements about 
the precision and accuracy, important statistical features 
any measurement process. The four papers this session 
attempt clarify the meanings these terms and survey 
methods that can used determine precision and accuracy. 
The first paper covers the meaning precision and accuracy. 
The second paper deals with how evaluate precision, and the 
third paper, how evaluate accuracy. The final paper shows 
how new techniques analysis residuals, multiple compari- 
sons, and components variance can supplement analysis 
variance answering many questions about processes and 
planned experiments not possible answer analysis 
variance alone. The STP provides better concept the 
importance and meaning the terms and 
curacy.” 


Papers Road and Paving Materials—1960 
(STP 


Sponsored Committee D-4 Road and Paving 
Materials. 


The cationic asphalt emulsion, one the new developments 
bituminous materials, discussed terms laboratory 
tests and specifications that are needed for this material one 
the six papers comprising this publication. Another paper 
reviews emulsified asphalt tests. The subjects stress-deforma- 
tion characteristics sand-bituminous mixtures, the effect 
compaction temperature the properties bituminous 
concrete, method for measuring air permeabilities asphaltic 
pavements, and the influence asphalt composition 
its rheology are covered the four other papers. 


Symposium Low-Temperature Properties 
High-Strength Aircraft and Missile 
Materials (STP 


Sponsored ASTM-ASME Joint Committee Effect 
Temperature the Properties Metals. 


Owing the increasing use cryogenic propellants such 
liquid oxygen and liquid hydrogen missiles 


ASTM BULLETIN 


gin 
4 


vehicles, the properties high-strength structural materials 
extremely low temperatures are becoming prime im- 
portance. Until relatively recently, liquefied gases were 
produced primarily for commercial applications, 
low-temperature liquids could adequately held and carried 
tanks and piping made from low-strength materials. How- 
ever, with the recent advent nuclear weapons, high-speed 
rocket-propelled aircraft, and finally, 
fueled missiles, has become necessary use materials having 
the highest possible strength-to-weight ratios order meet 
design and performance requirements. 

The papers this volume consider the 
properties promising high-strength structural alloys 
temperatures ranging down —423 order obtain 
optimum strength-to-weight ratios, most the alloys reported 
were either heat-treated cold worked their highest 
strength levels commensurate with adequate toughness. 
Since this symposium was aimed primarily missile and space 
vehicle applications, attention focused sheet alloys. Also, 
since weldability major importance the fabrication 
these vehicles, data pertaining the low-temperature prop- 
erties welded joints these alloys are reported. Finally, 
since toughness increasing importance where high-strength 
alloys are used high stress levels and low temperature, data 
measuring resistance brittle fracture are reported wherever 
possible. 


Symposium Radiation Effects 
Radiation Dosimetry (STP 286)* 


Sponsored Committee E-10 Radioisoiopes and 
Radiation Effects. 


The application nuclear energy problems materials 
and materials testing, addition creating few new 
problems, adding some unusual aspects many familiar 
problems that are requiring the attention increasing numbers 
the Society’s committees. Two the problem 
radiation effects and radiation dosimetry, are the subject 
this volume. Radiation effects refers broadly the change 
properties materials due exposure nuclear radiation. 
perhaps the most the problem areas that 
involves the influence additional environment materials 
behavior. Radiation dosimetry, the measurement the 
environment nuclear particles, one the most difficult 
problems nuclear technology. Direct counting the 
particles usually impractical, and measurement 
made determining the effects interaction the particles 
reference materials. 

Subjects covered the eleven papers are: determinant 
sample parameters the radiation-effects testing high 
polymers, irradiation testing Enrico Fermi prototype fuel 
pins the CP-5 reactor, the effect neutron irradiation the 
Charpy-V- and drop-weight-test transition temperatures 
various steels and weld metais, reactor spectra considerations 
radiation-effects predictions, radiochemistry 
trometry techniques for fuel-depletion studies, effect sample 
parameters energy absorption from neutron beam, high- 
intensity gamma-ray dosimetry, Bragg-Gray 
cavity chamber, measurements the energy absorbed from the 
pile neutrons, neutron dosimetry for materials irradiation 
studies, and neutron spectrum determinations low flux 
levels. 


Index the Literature X-Ray Spectro- 
graphic Analysis, Part 1913-1957 (STP 292) 


Sponsored Committee E-2 Emission Spectroscopy. 


This the first series bibliographical surveys the 
literature X-ray spectrographic analysis. covers the 
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i 
et 


Twelfth ASTM Photographic Exhibit. Daniel Condon, United States Testing 
Co., Inc. 


years 1913 through 1957, although admittedly not 
exhaustive compilation. contains author index well 
abstracts and subject index. The abstracts are largely 
quoted from Chemical Abstracts, but occasionally they are 
revised specially prepared. 


1959 Supplement the Bibliography and 
Abstracts Electrical Contacts (STP 56-N) 


Sponsored Committee B-4 Metallic Materials for 
Electrical Heating, Electrical Resistance, and Electrical 
Contacts. 

(Available now) 

This the seventh supplement the 1952 edition. The 
publication this supplement makes possible for everyone 
concerned with electrical contacts keep date with the 
latest information. There are several new additions the 
bibliography this year which deserve special mention. Through 
the cooperation International Business Machines Corp., 131 
papers the subject friction, lubrication, and wear, which 
had not been previously listed, are included this supplement. 
The lists titles and authors papers that were given the 
Symposium Relays, held the Oklahoma 
State University cooperation with the 
Relay Manufacturers, are included. The same true 

Engineering Seminars Electrical Contacts conducted 
The Pennsylvania State University. The subject index lists 
the following headings: Books Covering the Subject Electric 
Contacts; Electric Contacts—General; Contact Materials 
Fabricated; Contact Metals; 
Breaker Design; Circuit Breaker Testing; Contactor 
Relay Design; Stationary Fixed Contacts; Sliding Contacts 
—Slip Rings; Sliding Contact Resist- 
ance; Electric Are Theory Applied Contacts; Electric 
Are Theory; Glow Discharge Theory; Spark Discharge 
Theory; Contact Wear; Circuit and Circuit Parameters 
Applied Contact Operation; and Friction and Lubrication. 
STP 56-N, pages; Price $3.50, members $2.80. 
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The Twenty-Year Atmospheric Corrosion 
Report Metallic-Coated and Uncoated 
Wire and Wire Products (STP 290) 


1936, over 10,000 specimens fabricated and unfabricated 
wire and wire fence were exposed the natural atmospheres 
exposure sites from Connecticut California. Copper- 
bearing and stainless steels were included, were copper, lead, 
and zine coatings mild and copper-bearing steels. The 
specimens have been visually observed and physically tested 
for change tensile strength and loss coating regular 
intervals over the entire exposure period. Although the 
exposures are still continuing, was decided that thorough 
study the findings the 20-yr point should made. 

This report reviews all the original data and includes 
the original photomicrographs the specimens. The 20-yr 
data are given, and some charts illustrate the changes 
area rust, breaking strength, and loss coating for speci- 
mens each type each location over the 20-yr period. 


Symposium Applied Radiation and 
Radioisotope Test Methods (STP 268) 


Sponsored Committee E-10 Radioisotopes and 
Radiation Effects. 


(Available now) 

1948 the Society recognized the unique potentialities 
radioisotopes testing procedures and formed Committee E-10 
Radioiosotopes and Radiation Effects. For 
several years this committee has served primarily ad- 
visory group other ASTM committees concerned with 
specific industrial products. 

This symposium represents the first concentrated effort 
Committee E-10 develop some proposed ASTM methods 
analysis and testing involving the use radioisotopes 
analytical tools. Publication this also intended 
stimulate activity other ASTM committees suggesting 
ways which methods involving radioactivity might 
applied other current test methods and research problems. 

The authors were informed that the papers should cover 
reasonably well-developed radioisotope test methods, aimed 
toward fulfilling the needs specific industrial testing problems. 
The benefit the radioisotope method, compared with 
existing competitive methods, highlighted stimulate 
interest and lead ultimate adoption the technique 
accepted routine test procedure. The contents this publica- 
tion are: 


Introduction—O. Bizzell 

Radioactive Ring Wear Testing Railroad Diesel Locomotives— 

Boundry Segregation Studies Activation—Warner 
Schultz 

Removal Radiotagged Fatty Soil from Glass Surface—Jay 
Harris and Anderson 

Clay Detergency Test Soil—J. Hensley and 
Inks 

Measurement Moisture and Density Soils the Nuclear 
Method—John Kuranz 

Nuclear Method for Analysis Sulfur Hydrocarbons—George 
Manov and Beaufait 

Radiometric Method for the Determination Magnesium 
Sunderman, Pobereskin, and Schall 

Tracer Methods for Rapid Determination the Uniformity 
Main 

Tracer Techniques for Thickness Very Thin Vacuum-Evaporated 
Metal Films—Luther Preuss 

Permeability Tests for Organic Sheet Pobereskin 


Radioisotope Methods Testing Uniformity Coated Fabrics— 
George Foster and Henry Cope 

Summary 

268, price and size announced. 


Symposium Treated Wood for Marine 
Use (STP 275) 


Sponsored Committee D-7 Wood. 
(Available now) 

major problem harbor maintenance keep marine 
borers from seriously shortening the life wood piling. These 
voracious wood-boring organisms attack and destroy millions 
dollars worth wood piling annually. The seriousness 
the problem varies different parts the world and dif- 
ferent harbors, depending the salinity the water. 

Treatment with creosote and other coal-tar solutions has 
long been considered the most effective means discouraging 
marine borers, but this type treatment has not been fully 
effective. 

Committee D-7 Wood has sponsored two symposia the 
subject wood and treatments wood for marine use. 
Papers from the second these, held during the Third Pacific 
Area National Meeting San Francisco October, 1959, 
appear this volume. 

method for rapid screening potential preservatives 
using small-size wood panels given one paper. Another 
reports studies the toxicity chemical agents marine 
borers. Creosoted timbers from old wharf provided 
source test animals for the toxicity tests. 

Subjects other papers include: column chromatography, 
useful tool separating saturated hydrocarbons from 
sote; the inspection and evaluation wood piles sea water 
using diver full gear; various means prolonging the 
life wood piles, such jacketing creosoted piles with several 
different materials including concrete and plastics; assay 
borings for determination retention preservative; and 
the results the first biennial inspection covering installation 
specimens pressure-treated Douglas fir and southern pine 
three sites both the Pacific Coast and the Coast. 

Contents the volume are: 


Introduction—L. Markwardt 

Use Small Panels Screening Potential Wood Preservatives— 
Thorndyke Roe., Jr., and Harry Hochman 

Standard Evaluation Chemicals Poisonous the Marine 
Borer—Harold Vind and Harry Hochman 

Column Chromatography the Analysis Creosote—Richard 
Drisko and Harry Hochman 

Evaluation Wood Piles Sea Water Standard Rating System 

Extending Service Life Wood Piles Sea Water—C. Wake- 
man and Whiteneck 

Determining Preservative Retention Piling Assay Borings— 
Baechler 

Marine Exposure Tests Pressure-Treated Douglas Fir and Southern 
Pine—R. Graham and Miller 


275, pages, hard cover, price $2.50, members $2. 


Symposium Road and Paving Materials 
STP 277 


Sponsored Committee D-4 Road and Paving 
Materials. 
(Available now) 


The behavior asphalt paving mixtures highways has 
been the object much research and experimental work 
recent years. One the most notable and extensive projects 
has been the Zaca-Wigmore Experimental Test Road, spon- 
sored the California State Department Public Works, 
Division Highways. The primary purpose this project 
was observe the performance asphalts from various 
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sources and manufacturers, complying with new asphalt 
specification developed the Division Highways. 

Three papers, two representatives the Division. 
Highways and the third representative the Shell 
Development Co., present wealth information and test 
data the results date from the test road. The progress 
report prepared the Division Highways this 
publication. Examination the asphalts the Zaca-Wigmore 
project means the microfilm durability test, described 
the third paper, gave ratings relative durability 
expected asphalts when all are used under the same condi- 
tions. 

The second part the publication consists four papers 
presented general papers session. paper influence 
chemical composition asphalts performance points out 
that with relatively simple procedures and apparatus 
possible obtain fundamental information the chemistry 
asphalts, long very difficult task, and correlate asphalt 
performance with composition. 

Other papers discuss: the effect variation type, amount, 
and temperature asphalt the behavior dense-graded 
paving mixtures repeated flexure; simple abrasion test 
wherein the saturated aggregate abraded rock-to-rock 
contact, which has proved more useful than the conventional 
quality tests detect potential degradation; and series 
tests produce plastic fines using the Los Angeles and the 
Deval abrasion test machines, introducing variations time 
rotation and checking moisture characteristics the fine 
material. 

The contents include: 


Introduction 


Bernard A. Vallerga 
Symposium the Experimental 
Test Road 

Progress Report the Zaca-Wigmore Experimental Asphalt Test 
Hveem, Zube, and Skog 

Results Cooperative Test Series Asphalts from the 
more Experimental Project—J. Skog. 

the Microfilm Durability Test with Field Hardening 
Observed the Zaca-Wigmore Experimental Project—W. 
Simpson, Griffin, and Miles 


General Session 


Influence Chemical Composition Asphalts Performance, 
Particularly Rostler and Richard White 


emphasis has gradually changed. 


Effect Temperature the Flexibility Characteristics Asphalt 
Paving Monismith 

Degradation Mineral Minor 

Test for Production Plastic Fines the Process Degradation 
Mineral Aggregates—Martin Ekse and Henry Morris 


STP 277, 126 pages, hard cover, price $3.50, members $2.80. 


1959 Supplement Bibliographical 
Abstracts Methods for Analysis 
Synthetic Detergents (STP 150-C) 


(Available Now) 


This latest supplement provides thorough abstract cover- 
age the literature methods for analysis synthetic 
detergents for the years 1958 and considerable num- 
ber papers for the years from 1933 through 1957 are also 
covered. This supplement therefore brings the original re- 
ferences, published STP 150-A, date and covers 
additional references, not previously listed, back 1933. 


STP 150-C, pages, heavy paper cover, price $2.00, mem- 
bers $1.60. 


1960 Supplement the Meta! Cleaning 
Bibliographical Abstracts (STP 


Sponsored Committee D-12 Soaps and Other De- 
tergents 


The volume publications concerned with metal cleaning 
continues level comparable with previous years, but 
New metals present 
new cleaning problems which are solved advanced tech- 
niques combinations older methods. 

Over 100 references prior 1958 have been found, those 
from 1958 early 1960 114. before, indexes 
subject, author, specification, and patent number have been 
provided. Covered are the fields practical application, 
laboratory evaluation, theory, and references from other 
fields applicable the subject. This book supplements 
STP 90B, 90C, and 90D that the years from 1842 
early 1960 are covered these four books. 


BRI Announces Program 
for Fall Conferences 


Featuring research correlation con- 
ference preassembled components 
modern building, the 1960 Fall Confer- 
ence the Building Research Inst. will 
held the Shoreham Hotel, Wash- 
ington, C., Nov. three- 
day session will also include conference 
structural foams, conference-work- 
shop fasteners and anchorage devices 
for industrial curtain walls, and con- 
ference building research developed 
Institute’s Research Committee. 

The program preassembled com- 
ponents, which has been under develop- 
ment for the past year the BRI Plas- 
tics Study Group, will first examine the 
attitudes toward this method con- 
struction held architects, home build- 
ers, general and contractors, 
building owners and operators, organ- 
ized and unorganized labor, and building 
code officials. spokesman for each 
these groups will present the views his 
colleagues, their problems and successes 


October 1960 


with the use components, and their 
suggestions for further improvement 
methods, materials, and practices. 

The second section the program 
deal with the principles design and as- 
sembly components for both residen- 


tial construction, 
for prefabricated 
Experience and cost data de- 
veloped production, distribution, and 
construction building material dealers 
manufacturers’ experiences combining 
materials form preassembled compo- 
nents and the optimum level preas- 
sembly components for the most fa- 
vorable manufacturing and distribution 
costs. 

Rounding out the two-day conclave 
will series case study reports 
actual use preassembled structural 
components, including window and door 
components, wall and partition systems, 
and special group case studies 
preassembled mechanical components, 
electrical systems, and utility cores. 

The conferences structural foams, 


houses. 


Wednesday, Nov. 16, will include 
session foamed inorganic materials, 
including glass, concrete, and metals, 
followed session foamed organic 
materials such the polyurethanes 
and polystyrenes their application 
thin-shell construction. 

Fasteners for industrial curtain walls 
will discussed confererice-work- 
shop, with specialists participating 
closed workshop for day and half, 
and the balance the second day 
thrown into open meeting which 
their conclusions will reported. 

ASTM Committee E-6 Methods 
Testing Building 
hold meeting Nov. and 
conjunction with the BRI confer- 
half-day papers session 
curtain wall construction will 
cluded. 

Information about registration fur- 
ther details about the BRI conferences 
may obtained from Harold Horowitz, 
assistant director for technical programs, 
Building Research Inst., 2101 Constitu- 
tion Ave., Washington 25, 


ences. 
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Materials Sciences—A New 
Bulletin Department 


MATERIALS SCIENCES 
topic rapidly growing interest—is the 
subject for new department the 
BULLETIN beginning this issue (see 
22). Readers may expect see reported 
regularly the latest plans and programs 
the Division Materials Sciences, 
pertinent quotes what others are say- 
ing about materials sciences, and general 
news the subject from whatever 
The new department will pro- 
vide medium communication for the 
Society’s new division. Members the 
division’s executive committee may 
expected contribute occasion, 
well others who have something 
say about materials sciences. 

The division’s first activity—sponsor- 
ing two symposia the 1960 Annual 
Meeting—aroused great interest, which 
has been expressed letters head- 
quarters and Woods, chairman 
the division. Professor Woods and 
the executive committee are seeking 
broad participation the division’s ac- 
tivities members the Society, and 
accomplish this necessary that 
members informed about the divi- 
This will major ob- 
jective the new department, Materials 
Sciences. 

Another objective the department 
may seem lofty one—we shall attempt 
whatever means our disposal 
through the column help materials 
scientists and engineers mutual un- 
derstanding. Both groups are well rep- 
among the member- 
ship. Both have much learn from 
each other, ag, indeed, scientists one 
field can stimulated learning about 
findings other, quite different fields. 
difficult fall into narrow viewpoint. 
The new division its program planning 
will try maintain broad view, and 
through the columns the new depart- 
ment intend help. 


source. 


sion’s plans. 
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Nineteen-Sixteen 
Race Street 
Philadelphia 


NEARLY EVERY day the 
mail ASTM Headquarters includes 
some questions about materials, specifi- 
cations, test methods, related prob- 


feel that the answers, many 
which are based information given 
capacity committee officers, are 
general interest. For the 
inquiries receive are related the ac- 
tivities the Society, either standards. 
research work, publications. Often, 
inquiry such that the services 
consultant independent testing re- 
search laboratory obviously required 
recommend. 


lems. 


Schedule ASTM Meetings 


This gives the lastest information available ASTM Headquarters. Direct 
mail notices all district and committee meetings customarily distributed the 
officers the respective groups should the final source information dates 
and location meetings. This schedule does not attempt list all meetings 
smaller sections and subgroups. 


Date 
November 


Group Place 
Committee B-4 Metallic Materials Skytop, Pa. 
for Electrical Heating, Electrical (Skytop Lodge) 
Resistance, and Electrical Contacts 
Committee D-27 Electrical Insulat- Williamsburg, Va. 
ing Liquids and Gases (Motor Lodge) 
Committee E-13 Absorption New York, 
troscopy (Hotel New Yorker) 
Committee F-2 Flexible Barrier New York City 
Materials (Statler) 
Committee D-27 Electrical Insul- Williamsburg, Va. 
ating Liquids and Gases 


~ 


November 


November 


November 3 


November 


November 3-4 Committee F-1 Materials for Skytop, Pa. 
tron Tubes and Semiconductor (Skytop Lodge) 
vices 
November Philadelphia District Newark, Del. 
Univ. of Del.) 
November Committee D-15 Engine New York City 
freezes (Statler) 
November Committee E-11 Quality Control Headquarters 
Materials 
November 14-15 Committee Methods Testing Washington, 
Building Constructions (The Shoreham) 
November 16-17 Committee C-17 Asbestos Cement Buffalo, 
Products (Statler) 
Committee Methods Test- Philadelphia, Pa. 
ing (Society Headquarters) 


Denver, Colo. 
(Brown-Palace 
Hotel) 
Committee B-7 Light Metals and Washington, 
Cast and Wrought (Sheraton-Park) 
Committee C-9 Concrete and Con- Denver, Colo. 
crete Aggregates (Brown-Palace 


Hotel 


December 5-6 Committee C-1 Cement 


December 7-8 


December 8-9 


1961 Meetings 
Southern California District 
Northern California District 
Committee A-1 Steel 


Los Angeles, Calif. 
San Francisco, Calif. 
Pittsburgh, Pa. 
Committee D-19 Industrial Water Pittsburgh, Pa. 
Cincinnati, Ohio 
(Netherland-Hilton) 


January 
January 
January 23-25 


January 


January 30-Feb- Committee Week 


ruary 
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Fire Hazards Plastics 


Some underwriting questions have arisen 
regarding the plastics industry. 
difficult classify the many new plastics 
their fire hazard and 
are trying obtain this information. 
have opportunities write both plastics 
manufacturers and warehouses; however, we 
are not sure whether some the plastics 
involved are hazardous not. 

possible, knowing the chemical 

components, determine the combustibility 
any particular plastic? Could you give 
breakdown showing which chemicals 
would make plastic classify high, medium, 
low hazard? 
This very live subject, and while 
cannot give you any pat answers, can 
refer you some sources information, 
both within ASTM and elsewhere. 

Much useful information included 
NBFU Research Report No. 65), 
“Fire Hazards the Plastics Industry 
This report, available from the 
National Board Fire Underwriters, 
includes list chemical-type classifica- 
tions for number proprietary 
also includes table burning rates for 
various plastics types, based ASTM 
small-specimen laboratory tests. 
emphasize this small-specimen 
cause the results from this test, 
serving convenient way classify 
burning rates materials according 
the test, may not indicative the fire 
hazard the plastic material when used 
a structure. 

number articles the flame resist- 
ance plastics have appeared 
technical and trade press, and one which 
you may want look was Modern 
Plastics, Volume 37, No. September, 
1959. 

your question concerning the 
determination combustibility plastics 
basis chemical composition—this 
can provide useful information, though 
again, reliance such information alone 
basis for classification fire hazard 
not safe. known that many plastics 
materials containing high percentage 
chlorine, fluorine, phosphorus, nitrogen 
are likely slow-burning flame- 
resistant. However, other factors enter 
also, such the physical nature the 
material, combination with other materials 
well how used. The effect 
composition upon burning rate 
plastic. 

ASTM Committee E-5 Methods 
Fire Tests responsible for the develop- 
ment test methods for the determina- 
tion fire resistance and fire hazard 
building materials and constructions 
respective composition. This type 
test method used primarily building 
code authorities basis for establishing 
ratings materials and assemblies based 
time-temperature curve. The two 
outstanding standards referred most 
codes are: Methods Fire Tests for 
Building Construction and Materials 
119), and (2) Methods Test for Surface 
Burning Characteristics Building Ma- 
terials (Tunnel Test) T). The 
latter method primarily for interior 
finishes 
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Hodgson, Reynolds Metals Co. 


Appear Future Issues the 
ASTM Bulletin 


Punch Card Handling Atmospheric Test Data—W. Ailor and 


More Sensitive Test Method for Determining the Dielectric Strength Insulat- 
ing Oils—P. Ast, General Electric Co. 

The Evaluation Resistance Strain Gages Elevated Temperatures—R. 
Bloss, National Bureau Standards. 

Properties Some Copper Alloys Elevated Temperatures 
Canadian General Electric Co., Ltd. 

Use Stormer Viscometer for Testing Rotogravure and Flexographic Inks and 
Use Modified McMichael Viscometer for Consistency Printing Inks 


Crowe, 


and Ink Vehicles—Ross Cummings, The California Ink Co. 


Arsenal Laboratories. 


Sr., Southwest Research Inst. 


Portland Cement Assn. 


Subsize Charpy Correlation with Standard Charpy—C. Curll, Watertown 


The Sand Stabilized with Chemical Grout—G. Dorion, 
Burkhard, White, American Cyanamid Co. 

Short Method for the Flame Photometric Determination Magnesium, 
Manganic, Sodium and Potassium Oxides Portland Cement—C. Ford, 


Fracture Characteristics Notched Tensile Specimens Titanium and 
Titanium Alloy—G. Geil and Carwile, National Bureau Stand- 


ards. 


Influence Particle Size Distribution Sand Strength and Workability 
Vibrated Giuliani Suarez, University Cuyo. 
Method for Determining the Impact Sensitivity Characteristics Materials 


Detection Glycols Crankcase Oils 


Laboratory, Army. 


Jordan, Coating and Chemical 


with Highly Reactive Oxidizers—R. Kopituk, Thiokol Chemical Corp. 


Masonry Mortar—L. Kampf, Borough Queens, 


National Bureau Standards. 


Co. 


Predicting Coating Grade Asphalts from Asphaltene Charac- 
Mertens, California Research Corp. 

Adhesion Testing Device—B. O’Kelly, National Research Council. 

Steel for Standard eights Rosenberg and Royston, 


Simple Stress-Corrosion-Cracking Test for Copper Thompson, 


So-called fire test methods 
have been considered, and method known 
the radiant panel method 
presented ASTM new tentative 
test, known the small tunnel; 
being published information only 
proposed method. 

and ovher flammability 
appear the ASTM Book Standards. 
They are listed the Index ASTM 
Standards under ‘‘Fire and “Flam- 
mability 


Permeability Carbon 


you have method for measuring the 

gaseous permeability carbon electrode 
specimens? 
Committee C-8 Refractories has 
completed interlaboratory collaborative 
studies carbon refractory permeability 
apparatus developed the carbon 
industry. The gas used this apparatus 
nitrogen. expected that work 
this test will completed this year. 
The committee also investigating modi- 
fications this apparatus test clay, 
silica, and high-alumina and basic brick. 


OFFERS PAPERS FOR 
1961 


Administrative 
Committee Papers and Publi- 
cations will meet early February 
consider the papers pub- 
lished the Society 1961 and 
develop the program for the An- 
nual Meeting held Atlantic 
City June 25-30. 

All those who wish offer papers 
for the meeting and 
publication the Society should 
send these offers Headquarters 
not later than January 10, 1961. 

All offers should accompanied 
summary that makes clear the 
intended scope the paper and 
indicates features the work that 
will, the author’s opinion, justify 
its publication and inclusion the 
Annual Meeting program. 

Suitable blanks for use trans- 
mitting this information will sent 
promptly upon request Head- 
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Materials Sciences 


Editor’s Note: This first. 
With this issue the 
new regular department, Ma- 
Sciences, born. Its raison 
and our hopes for its future 
will found the editorial 
page 20. 


Practical Men and Dreamers 


“Like all sciences that arise late, the 
solids has the disadvantage 
running behind technology. 
use solids all the time, and doing so, 
must acquire some sort technological 
control over their properties. such 
situation, the practical man apt de- 
spise the dreamers who try ‘under- 
stand’ features which 
granted. looks, however, this 
kind attitude about run out. 
Theoretical analysis beginning pro- 
duce solids with properties beyond the 
‘common sense’ experience the practi- 
cal man. [Many] spectacular results 
are destined flow from this painstak- 
ing study what has long seemed 
dense and commonplace 

Wannier, Bell Telephone Labora- 
tories, Inc., American, 
December, 1952, 48. 


Purity 

“Having approached close 
can ideal purity, having studied sub- 
stance its purest form and having 
characterized its properties, may 
then begin understand how these sub- 
stances are altered the addition 
minor constituents highly precise 
amounts change the atomic 
lattice. this way may surely de- 
velop new basic knowledge the struc- 

ture and character matter.”’ 
Astin, director, National Bureau 
Standards, address before The 
American Chemical Society, 
December, 1958. 


Effects Trace Elements 

“Effects Trace Elements Proper- 
ties High-Purity the 
proposed subject for two-session sym- 
posium planned for the 1961 Annual 
June. The symposium—the 
second major activity the Division 
Materials Sciences—is being arranged 
jointly Williams and John Sulli- 
van, assisted Frank LaQue, 
Webber, and ASTM President Allan 
Bates—all members the division’s ex- 
ecutive committee. Being mindful that 


the 1960 Annual Meeting sessions 


heavy crystalline solids, 
metals, the committee will solicit 
not only pure metals and ceramics 
but organic materials and high poly- 


testing timber. 


This one series photographs from collection 
compiled Prof. Jasper Draffin and displayed 
the Arthur Talbot Laboratory, University 


JOHNSON 
Ohio, John Butler Johnson 
civil engineering Washington University and dean 
the Engineering College the University 
Wisconsin. was joint author series books 
bridges and author monumental work, 
Materials Construction, which storehouse 
ourstanding man, Johnson also pioneered 


taught the scientific methods experimenta- 
tion throughout his entire course, while 
the pure sciences well their 
applications. 
college his having learned 
how 


mers and liquids and gases. Objectives 
this broad program are several: 
show that materials provide 
denominator for science interdis- 
ciplinary approach, digest the state 
knowledge pure materials, and fo- 
cus attention generally the problems 
and accomplishments the materials 
sciences. 

The Past Prologue 

This only the beginning. Papers 
from the 1960 sessions Recent 
Progress Materials Sciences and Na- 
ture and Origin Strength Materials 
are being edited for publication 
special volume. More this later 
Materials Sciences columns the 
BULLETIN. 

Plans are afoot for materials sciences 
programs for Committee Week, 1962 
Dallas, and for the 1962 Annual Meeting 
New York. The program committees 
will selected from other than the 
the executive committee. 


You Too Can Men_ber 

The bylaws state that all members 
the Society are eligible participate 
the activities the division. Plans are 
establish membership roster for the 
division—no extra dues are involved 
allow members the Society indi- 
cate their active interest materials 
sciences. Watch this column for more 
this subject. 


. . 
“The engineer necessily 


should 


fact his most valuable 


Regents Bulletin 
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District Activities_ 


Coming District Meetings 


District Place 


New England 
Mississippi Valley 
Rocky Mountain 
Philadelphia 
Washington 
Detroit 


Boston, Mass. 
St. Louis, Mo. 
Tucson, Ariz. 
Newark, Del. 


Detroit, Mich. 


SOUTHERN CALIFORNIA 


Design New Auto Described 


Edward Kelley, general 
turing manager the Chevrolet Motor 
Division General Motors Corp., 
speaking befcre joint meeting the 
Southern California District ASTM 
and the Los Angeles Chapter the 
American Society for Metals Sept. 22, 
described the design 
organization that conceived 
duced the Corvair automobile. his 
talk, Mr. Kelley detailed the extensive 
collaboration that existed between the 
design and production facilities and the 
teamwork that was necessary place 
this car the assembly line. 

Discussing the major problems con- 
cerned with the start-up Corvair pro- 
duction, plans that inte- 
grated the efforts aluminum 
foundry Massena, Y., engine 
plant Buffalo, Y., and assembly 
plants throughout the nation. 

Mr. Kelley has been associated with 
General Motors since 1928, when 
joined the Chevrolet Division de- 
signer. During World War 
served chief engineer the Chevrolet 
Aviation Division Tonawanda, 
Since 1952 has held his current posi- 
tion general manufacturing manager. 

The joint meeting, held Rodger 
Young Auditorium Los Angeles, was 
well attended members both soci- 
eties. social hour and 
ceded the talk given Mr. Kelley. 


Northwest District Being Formed 


The Board Directors the Society 
its meeting Sept. approved the 
formation Northwest District, com- 
posed Idaho, Oregon, Washington, 
and British Columbia. 

The new district the eighteenth dis- 
trict for the Continental 
United States with the exception four 
Central Plains States and portion 
Kansas are now served district coun- 
cils. provisional Council for the 
Northwest District the process 


1960 


Washington, 


Date Program 


October 
October 
November 
November 
November 
November 


Automation Panel 

Bates 

Bates 

Kurt Stehling 
Panel Discussion 


formation, and hoped that the new 
district will operation mid- 
winter. 


St. Louis District Now 
Mississippi Valley District 


Better describe the area served, the 
name the St. Louis District has been 
changed action the Board Di- 
rectors Mississippi Valley District. 
This action was taken recommenda- 
tion both the local council and the 
Administrative Committee District 
Activities. 


ACDA Plans Changes Charter 


THE ADMINISTRATIVE 
meeting September National 
Headquarters, heard the report 
task which has undertaken 
complete revision the Charter and 
Manual for Districts. The committee 
hopes make new charter available 
district councilors within the next 
year months. hoped that, 
with the publication the new charter, 
the district councils will strengthened 
that they may take more independent 
action. Also, the Administrative Com- 
mittee District will 
better prepared offer guidance 
meeting the objectives the entire 
district program. result, all 
districts will able take more 
active role Society affairs sponsor- 
ing significant technical meetings, 
generating interest among students and 
young graduates the purposes the 
Society, and encouraging the active 
participation members the work 
the Society both the local and na- 
tional levels. 

effort include all ASTM 
living the continental 
United States districts, task force 
has been organized study carefully 
the boundaries existing districts and 
study the feasibility establishing 
districts areas not now served. The 
first recommendations are expected 
made the Board Directors 
their meeting January, 1961. 


Plans are being made devote 
entire evening session the 1961 
Annual Meeting topics concern 
those interested districts and their 
operation. program will supersede 
the breakfast formerly sponsored the 
ACDA and will open district 
officers, councilors, and 
interested developing this program 
its full potential. 


Index Paint Tests, Guide 


Selection Paint Specifications 
Published 


The thousands paint materials and 
paint products now being manufactured 
require such diversity test methods 
that not always easy track down 
the best method for given test. 
Comprehensive Index ‘of Methods 
Test for Paints and Paint Materials, 
just published the Federaticn So- 
cieties for Paint Technology, should 
make easier. The index includes 
FSPT-approved methods, ASTM meth- 
ods, Federal Standard 141 and other 
federal specifications, and methods ap- 
pearing the Canadian Government 
Specifications Board Methods Test- 
ing Paints and Pigments, 
plus the thereto. 
new edition the Canadian methods, 
1-GP-71, was published May, 1960. 
Copies the 64-page index are available 
from ASTM Headquarters each. 

“Guide the Selection Paint 
Specifications Use published 
the National Research Council 
Canada, became available early this 
year. This guide lists all paint speci- 
fications issued the Canadian 
Government Board, 
defines the material, and gives the in- 
tended use foreach, Copies may ob- 
tained from the Canadian Government 
Specifications Board, National Research 
Council, Ottawa, Canada. The 
$3. 


The number standards adopted per 
year ASTM, along with everything 
else this world exploding tech- 
nologies and populations, growing rap- 
idly, witness the following: 


Average Num- 
ber Stand- 
ards Adopted 
per Year 


1902 to 1910 
1910 to 19380 
1930 to 1950 
Currently 


: 
4 
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Technical 
Committee 
Notes 


Additional SBR and SBR Latex 
Announced Committee D-11 


Subcommittee Synthetic 
Elastomers Committee D-11 Rub- 
ber and Rubber-Like 
nounces three 
rubbers (SBR) and one new SBR latex 
brought the market 
signment numbers accordance 
with the Tentative Prac- 
tice for Description Styrene-Buta- 
diene Rubbers (SBR) and Butadiene 
Rubbers (BR) 1419 60a and 
the Tentative Recommended Practice 
for Description Types Styrene- 
Butadiene Rubber (SBR) and Butadiene 
Rubber (BR) Latices T). 

The new SBR numbers and the 
responding product descriptions are 
shown the table below. 


Number assigned 1609 


6/6/60 
General 
and Rubber, 


Date assigned 
Zequested by 


Difficult measure accurately. 


8/15/60 
Tire General 


Acetate Test Methods 
Undergoing Major Revision 


Committee D-23 Cellulose and 
Cellulose Derivatives preparing major 
revisions the Methods Testing 
Cellulose Acetate 871) for presenta- 
tion the Society 1961. The re- 
visions include new methods for heat 
hydroxyl content, primary 
hydroxyl content, sulfur 
content, intrinsic viscosity, color, and 
haze; improved method for 
content also being 
revisions are being considered for the 
Methods Testing Cellulose Acetate 
Butyrate 817), which will also in- 
crease the coverage the method 
include cellulose acetate propionates. 

new method for degree etheri- 


ASSIGNMENT NEW CODE NUMBERS FOR STYRENE-BUTADIENE RUBBERS 
AND BUTADIENE RUBBER LATEX 


1816 1817 2114 
8/15/60 
Tire General Tire 


6/7/60 
Goodyear 


Phillips 
Chemical 
Distinctive feature dispers- ISAF black dis- SAF black dis- per cent min 
ant-free persant - free persant - free total solids 
master oil master content 
batch batch 
Close previous number, 
if any Gentro-Jet 9152 Gentro-Jet 9250 Gentro-Jet 9252 
Phillips 6604 
Type 1600 1800 2105 
Nominal temperature, 
deg Fahr 43 43 43 50 
Activator FRA FRA FRA FRA 
Antioxidant 
Catalyst OHP OHP OHP OHP 
Emulsifier Mixed Mixed 
Nominal bound styrene, 
per cent... 23.5 23.5 23.5 24 
Nominal conversion, per 
cent 60 60 60 
Nominal Mooney vis- 
cosity, ML 1 + 4 (212 
polymer 
Nominal Mooney vis- 
cosity, ML 1 + 4 (212 
F), compound 61 55 50 
Coagulation acid acid acid 
Carbon black: 
Type SAI SAF 
PHR 
Oil: 
Type HI-AR HI-AR HI-AR 
PHR 
Finishing. . normal normal normal 
Nominal residual volatile 
unsaturate, per 
cent 0.10 
Nominal value 10.0 
Nominal surface tension, 
dynes per cm. 
Nominal coagulum 
No. 80 screen, per cent 0.10 
Nominal total solids, per 
cent 68 


and symbols are defined follows: Fatty acid. FRA Free 
radical type, that is, iron pyrophosphate, peroxamine sulfoxylate. HI-AR Highly aromatic. 
OHP Organic hydroperoxide. Rosin acid. SAF Super- 
abrasion furnace. ISAF Intermediate superabrasion furnace. Staining. 


(NaCMC) being 
proposed for Method 
procedure based the nonaqueous 
acid-base reaction sodium salt 
weak acid, using dioxane solvent 
and titrating with perchloric acid using 
the potentiometer determine the end 
point. Since this method 
distinguish between the sodium 
CMC and any other impurities, 
applicable only the refined Na- 
CMC; this not now covered 
Method 1439. method deter- 
mine the content 
colorimetrically 
naphthalene the color forming agent 
also being prepared for inclusion 
Method 1439. 

The work several years has resulted 
the proposal the 
method analysis chemically refined 
cellulose pulps. ‘This method using 
paper chromatography 
being prepared for presentation 
tentative 1961. 

Other methods under development 
are whiteness test for refined cellulose, 
test for constituents cellulose ash, 
two methods for determination 
content and content 
refined cellulose, and method for 


Sixth International Conference 
Hot-Dip Galvanizing 


The sixth the series International 
Conferences Hot Dip Galvanizing 
held the Kursaal, Interlaken, 
Switzerland, June 4-9, 1961. 

Three days will devoted techni- 
cal sessions which over papers 
the properties and corrosion resistance 
galvanized coatings, the welding 
galvanizing, after-treatments, and the 
heating galvanizing baths. One 
session will also devoted sheet 
galvanizing. Preprints the papers 
will issued French, German, Ital- 
ian, and English, and there will simul- 
taneous translation into the same four 
languages the technical sessions them- 
selves. 

Those wishing attend the confer- 
ence delegates participate the 
exhibition plant, equipment, and 
materials should write the Zine 
Development Assn., Berkeley Square, 
London, 
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Low-Temperature Tensile-Hardness Correlations for 


SAE 4340 


Vickers and tensile strength (UTS) were studied one 
heat SAE 4340 steel function testing temperature. Tempered 
martensite, bainite, and pearlite various strength levels were tested 
temperature range room temperature —196 was found that 
these two variables (DPH and UTS) are linear with respect the reciprocal 
absolute temperature. Furthermore, the various strength levels formed 
family parallel lines. From this, possible derive some simple em- 
pirical equations for calculating approximate values DPH UTS the 


temperature range studied. 


Further, was established that, for SAE 4340 steel, the SAE 
tensile-strength correlation for room temperature reasonably valid the 


range temperature studied. 


the recent engineering 
interest the properties materials 
low temperatures, 
into two important mechanical prop- 
erties, hardness and tensile strength, 
was made. was believed that some 
useful data could obtained the low- 
temperature behavior these two 
properties they were found for 
commercially important material, such 
SAE steel. Further, hoped 
that the low-temperature behavior 
this material may typical other 
quenched and tempered steels, 
has been shown the case room- 
temperature 
correlations (1, 3)? 

The Vickers diamond pyramid hard- 
ness (DPH) was used this investiga- 
tion because the linear relation that 
exists between and tensile strength 
the range hardness DPH 240 
Furthermore, the Vickers hard- 
ness method theoretically insensitive 
the applied load and can used over 
relatively wide range strength 
levels. 

Primarily, was 
conducted determine whether 
tween hardness and testing temperature, 
and whether the linear 


NOTE—DISCUSSION THIS PAPER 
INVITED, either for publication for 
the attention of the author or authors. Ad- 
dress all communications te ASTM Head- 
quarters, 1916 Race St., Philadelphia Pa. 


statements and opinions expressed 
this article are those the authors and 
not necessarily indicate the views 
policy the Army Ordnance Corps. 

boldface numbers parentheses 
refer the list references appended 
this paper. 

‘ASTM Method of Test for Diamond 
Pyramid Hardness Metallic Materials 
57), 1958 Book ASTM Standards; 
Part pp. 52-57. 
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tensile-strength relation valid the 
lower testing temperatures. 


Materials and Procedure 


The material used this investiga- 
tion was one heat SAE 4340 steel 
heat treated several hardness levels 
martensite, Chemical 
analyses and heat treatments are given 
and II, respectively. 


TABLE ANALYSES. 


Composition, weight per cent 
Carbon. . 0.375 to 0.385 
Manganese 0.75 to0.77 
Silicon ..0.32 to 0.3% 
Sulfur ....-0.020 to 0 
Phosphorus. 0.008 0.009 
Nickel 
Chromium........ 9 to 0.80 
0.26 
Vanadium... Trace 


ASTM standard testing procedures 
were followed determining Vickers 
hardness 
atrong pyramid hardness testing machine 
and 50-kg load were used. Specimens 
were machined from heat-treated 
blanks. All hardness 
readings from each heat treatment were 
obtained one specimen, enabling 
greater accuracy the determination 
the relative increase hardness due 
lowered testing temperatures. 

thermocouple was inserted into 
dummy bar placed near the specimen. 
All tests were conducted after the 
specimen and indenter were 
coolant for min longer the 
required testing temperature. Measure- 
ments the impressions were made 
after the specimen had returned room 
temperature. 

minimum four hardness readings 
was obtained each testing tempera- 
ture with the average these taken 
the hardness value. the four 
readings taken, the deviation was less 
than per cent. Speciméns were tested 
temperature range room tempera- 
ture —196 The methods used 
obtain these testing temperatures are 
outlined Table 


Results and Discussion 


Hardness Versus Testing Temperature 


The average hardness value obtained 
the various testing temperatures are 


JOHN NUNES materials engineer the Watertown 
Arsenal Laboratories, Watertown, Mass. has been 
engaged the study the mechanical properties steel and 
titanium-base alloys since 1956. Currently, engaged 
the study the plastic flow and fracture metals in- 
fluenced testing temperature, material composition, and 
strain rate. graduate Boston University with 
B.S. aeronautical engineering. 


FRANK LARSON chief the Mechanical Metallurgy 


Branch, Watertown Arsenal Laboratories. 


metallurgist, his primary interests since 1946 have been the 
mechanical metallurgy ferrous metals and titanium-base 
alloys with major emphasis plastic flow and fracture. 
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TABLE 


-HEAT TREATMENT, SAE 4340 STEEL. 


Normalize 


Austenitize 


Temper 


TEMPERED MARTENSITE 


Stress Relief 


1525 


1650 F, 1 hr; 


air cooled oil quenched 
err 1650 F, 1 hr; 1600 F, 1 hr; 
air cooled oil quenched 
air cooled oil quenched 
air cooled oil quenched 
air cooled oil quenched 


air cooled 


1600 F, 1 hr; 


oil quenched 


Marquenched 430 
(hot salt), 5 min; 


air cooled; 


765 


oil quenched 


1035 F, 14 hr; oil 570 F, 3 hr; 
quenched air cooled 
1250 hr; water 570 hr; 
quenched air cooled 
1100 F, 1} hr; water 570 F, 3 hr; 
quenched air cooled 
900 F, 14 hr; water 570 F, 3 hr; 
quenched air cooled 


500 F, 14 hr; 


water 


quenched 

500 double- 
temper water 
quenched 


PEARLITE 


M and 
N 


air cooled 


air cooled 


1550 F, 4 hr 


1550 


Slow cooled to 1200 
F, 48 hr; 


cooled 
Slow cooled 


F, 48 hr; 


cooled 


furnace 


1100 


furnace 


BAINITE 


1550 


deg Cent Dry Ice Alcohol 

— 105 

130 

150 

— 196 


TABLE IV.—VICKERS 
TEMPERATURI 


Room 


eries Temperature 40 ( 80 ¢ 
553 569 584 
D 482 487 | 508 

414 448 

E 362 | 373 } 399 

A 347 358 | 374 

325 344 363 

284 295 313 

209 219 234 

192 204 220 


N e 194 209 222 


Fig. where hardness plotted versus 
the reciprocal absolute temperature, 
the data form reasonably straight lines. 
Furthermore, the various strength levels 
(or heat treatments) form family 
relatively parallel lines. apparent 
that changing the testing temperature 
changes the hardness amount that 
constant for all strength levels. 

felt that, since the temperature 
dependence hardness independent 
the metallurgical structure and the 
strength level, and since known that 
the temperature dependence tensile 
and yield strengths are functions 
composition (4), this hardness change 
dependent upon composition. 


(TP 170) 


740 F (hot salt) 


hr; oil quenched 
650 (hot salt) hr; 


oil quenched 


Liquid 


Nitrog 


Remarks 


Alcohol mixed with dry ice 


| Liquid nitrogen cools isopen- 


tane 


liquid nitrogen temperature 


required temperature 


AMOND PYRAMID HARI 
FROM ROOM 


244 


IN 

tA 
—105C | —130 
585 600 
597 605 
521 539 
462 492 
459 486 
411 434 
391 422 
361 401 
324 354 
255 278 
235 | 253 
| 267 


@ 


° 


Vickers Diamond Pyramid Hardness 


ESS VARIOUS TESTING 
TURE 


| 621 696 
610 708 
632 

503 563 
190 564 
| 466 530 
431 505 
| 432 487 
371 443 
388 
284 353 
278 358 


-at room temperature would 


the light these data, now 
possible establish simple empirical 
equation relating hardness tempera- 
ture for this steel follows: 


where: 
hardness, 
ture curve, 
absolute testing temperature 
deg Kelvin, and 


intercept 


slopes and intercepts (C) were 
calculated the least-squares method 
and are tabulated Table can 
seen that the slopes are reasonably 
constant, with less than per cent 
standard deviation, and the 
strength level enters through the 
material constant (C). 

Calculation the low-temperature 
hardness from the more available data 
more 
terms the room-temperature hardness 
follows: 


where: 


Vickers diamond pyramid 
hardness temperature 


Kelvin, and 

Vickers diamond pyramid 
hardness room tem- 
perature. 


This means that, Eqs and 
reasonably accurate hardness value 
the lower testing temperatures 
—196 C), knowing only the 


room- 


Specimen Series T 
U 
& 
E 
—. 
F 
M 
+ 
aN 


Reciprocal of Temperature, 


deg Kelvin 


—Vickers diamond pyramid hardness versus reciprocal 
absolute temperature. 


ASTM BULLETIN 


| 
te) TABLE III.—COOLANTS USED FOR DIFFERENT TEST TEMPERATURES. 
| 
900 
600 
500 
: 400 + 
300 
200 
100 


TABLE TENSILE STRENGTH, PSI, 


VARIOUS TESTING 


TEMPERATURES FROM ROOM TEMPERATURE —196 


Room 
Tempera- 


ture 


Series —80C 


261 600 600 600 
229 000 000 800 
198 700 202 400 209 500 
192 200 200 200 206 000 
163 000 000 300 
163 500 200 000 
146 700 600 700 
124 800 000 500 
107 800 
800 700 800 


Specimen broken before maximum load. 


350 000 


300000 


psi 


- 250000 


200000 


150000 


100000; 


Ultimate Tensile Strength 


50000} 


ot 
Reciprocal of Temperature 


Fig. 
temperature. 


TABLE V.—SLOPE (M) HARDNESS- 

TEMPERATURE CURVE INTER- 

CEPT (C) (CALCULATED THE 
LEAST-SQUARES METHOD). 


DPH 
deg Kelvin DPH 
.6 108 503 
490 
424 
383 
357 
304 
291 
271 
5.9 226 
0 
M.. 


16.6 103 DPH deg Kelvin. 

Standard deviation +1.3 DPH 
deg Kelvin. 

Per cent standard deviation = 
cent. 


140 
133 
1 138 


+7.8 per 


temperature hardness, and 


the slope, 


Tensile Strength Versus Testing 
Temperature 

Ultimate tensile strength data for 
this material, obtained from previous 
investigation into the plastic-flow and 
fracture properties this steel (5), 
are listed Table and graphically. 
expected, the basis, that the 
tensile-strength correlation valid 
low testing temperatures, the ultimate 
similar that hardness. There is, 
however, discrepancy the lowest 
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W 13 


* deg Kelvin 


Ultimate tensile strength versus reciprocal absolute 


| 


—196C 


800 

600 600 

700 

800 222 500 

700 

100 98 = 900 | 

000 000 213 000¢ 
300 167 400 600 
ah } 700 


400 000 


Specimen Series 


350 


psi 


-300 000 


000 


200 000 


Mwxoc 4 


100 000 


Ultimate Tensile Strength 


000 


le 


Specimen Series: 


Assuming that the foregoing 
reasonable explanation the lower 
ultimate tensile strengths —196 
and that these points are error, 
empirical equation similar 
derived for tensile strength 
follows: 


where. 


UTS ultimate tensile strength, psi, 
temperature curve, and 


Strength Curve 
From 1959 SAE Handbook 
(Reference 


Calculated Slope 
Based on Least Squares 


Vickers Diamond Pyramid Hardness 


Fig. Ultimate tensile strength versus Vickers diamond pyramid 


hardness for SAE 4340 steel testing temperatures room tem- 


testing temperature —196 This 
does not appear 
hardness results, which would seem 
indicate that the different test system em- 
ployed for the tensile tests contributed 
the lower values tensile strength 
this temperature. Furthermore, 
ductility values measured elonga- 
tion and true strain maximum load 
were not significantly changed from 
those obtained room temperature. 

would then seem that the lowered 
values tensile strength observed could 
attributed heat and nonisothermal 
test condition the neck, for the 
following reasons: 

The temperature difference 
greatest this lowest temperature, 
which would probably result greater 
heat losses through the specimen holders. 

The higher stresses encountered 
these low testing temperatures would 
cause greater amount 
deformation work. 
mately per cent this work would 
specimen, complete adiabatic conditions 
may not have been present these 
lower temperatures. 

Because the large sensitivity 
stress temperature this low 
temperature range, small increase 
specimen temperature would cause 
strength. 


perature —196 


material constant, inter- 


cept 


Following the method used for hard- 
room-temperature tensile strength. 
Knowing the slope, the ultimate 
tensile strength any testing tempera- 
ture, the temperature range studied, 
can determined. This equation 
follows: 


UTSr 


) + UTSrr (4) 
where: 
ultimate tensile strength 
temperature psi, 

Kelvin, and 

UTSrr ultimate tensile strength 
room temperature. 


Listed Table VII are the values 
obtained for and with hard- 
ness, the slopes are reasonably constant, 
with less than per cent standard 
deviation. 


Hardness Versus Tensile Strength 


establish the 
strength correlation, the hardness and 
tensile strengths obtained equivalent 
testing temperatures were plotted 


| 
18 : UTS = T + . (3) 
3 
a 
ac 
| 
g 


TABLE VII.—SLOPE (N) TENSILE 

STRENGTH-TEMPERATURE CURVE 

AND INTERCEPT (CALCULATED 

THE LEAST-SQUARES METHOD). 

Series psi/deg psi 
ae 73.5 198 400 
K 67.4 174 800 
170 000 
75.2 142 400 
J. 69.0 139 600 
72.4 123 100 
F 82.6 98 600 
M. 74.0 73 000 
N 84.8 70 300 


deg Kelvin. 

Per cent standard deviation = 
cent. 


+8.5 per 


this plot the room-temperature hard- 
curve the 
1959 Handbook The average 
slope for these plots (Figs. and 
was obtained each slope 
each testing temperature the 
least squares method and getting the 
average these slopes. This calculated 
average slope general agreement 
with previous work done Tabor (6) 
strength correlation based 
retical considerations such 
hardening properties and yield stress. 

Although the trend the 
experimental slope derived 
slightly lower than the SAE slope, can 
said that the experimental slope 
approximates the SAE slope, within the 
limits imposed, because for one 
material composition while the SAE 
slope has been established tests 
wide variety compositions. 
values obtained for the slope and the 
approximately 465 psi per DPH and 
2000 psi, respectively. 

illustrate the low-temperature 
independence the 
strength correlation more clearly, data 
have been included Fig. for other 
ferrous alloys different alloy composi- 
tions taken from ASTM publica- 
tion Gillett can seen that 
these data points are above the SAE 
curve and not display any general 
temperature dependence. This seems 
indicate that the SAE 
strength correlation would valid for 
temperatures below room temperature, 
within the limits currently 
obtaining approximate values tensile 
strength with respect hardness 
room 

Based the data now available for 
the 
SAE 4340 steel, simple equation for 


obtaining the approximate 
strength can expressed. 
Assuming that: 
UTS DPH 
therefore: 
UTS 465 DPH (5) 
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TENSILE STRESS (UTSc) AND EXPERIMENTAL 
TENSILE STRESS FUNCTION TESTING TEMPERATURE. 
U ri 253 000 266 900 : 280 900 292 000 
261 600 274 600 289 500 286 600 
D 224 100 238 100 252 000 260 400 
229 000 234 800 250 000 263 700 
E 168 300 182 300 194 100 | 205 200 
163 000 182 300 198 700 201 900 
132 100 146 000 158 200 171 100 
124 800 142 500 156 700 167 400 
J 161 400 175 300 187 200 200 400 
163 500 174 000 190 200 190 200 
N 90 200 104 200 116 800 129 300 
000 118 100 127 700 
@ Fractured in threads. 
Legend 
Testing Temperat 
2 RT Mo 
Ni-Cr-Mo 
Ni 
#250000 RT Cr 
r-V 
-40 
150000! Hardness -Tensile Strength Curve 
From 1959 SAE Handbook 
(Reference 
5 
50000 


Vickers Diamond Pyramid Hardness 


Fig. tensile strength versus Vickers diamond pyramid hardness some alloy 
steels testing temperatures room temperature, —76, and 184 taken from 
Gillett (7). 


Equation can now expressed 
terms room-temperature hardness 
such manner that only the slope, 
and the room-temperature hardness, 
need known. substitut- 
ing into the formula for 
tensile strength temperatures below 
room temperature takes the form: 


raver l 
UTSr = 465 [ Rt) + DPHer | 


(6) 


calculating from the room-temperature 
strengths different temperatures and 
strength levels. are compared 
with the actual experimental values 


Table 


Conclusions 


Based the data presented, the 
following conclusions can drawn. 

Vickers hardness (DPH) 
linear function reciprocal absolute 
temperature for SAE 4340 steel witiiin 
temperature range room tempera- 
ture the function takes the 
form: 

DPH 

formula expressing Vickers hard- 
ness any temperature between room 
temperature and —196 independent 


the strength levels 
studied, takes the form: 


linear function reciprocal absolute 
temperature; the function similar 
form: 


UTS 


strength any temperature between 
room temperature and —155 
dependent the strength levels and 
structures studied takes the form: 

function the testing temperature 
the range studied (room temperature 
treatment and structures used this 
experiment (martensite, bainite, and 

The above correlation Vickers 
hardness with tensile strength 
agreement with the SAE correlation (1) 
and also with other low-temperature 
data points for other steels, indicating 
that this correlation may valid for 
dependent testing temperature. 
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formula for obtaining the ap- 
proximate tensile strength SAE 


4340 steel the lower testing tempera- 
tures may derived such manner 
that only the room-temperature hard- 
ness and the 
perature slope, the steel need 
known: 
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Lightfastness Testing Pigment 


erated weathering protective and 
decorative coatings has been reviewed 
some length many investigators. 
Among them, Arlt and Beck (2) 
conclude, essence, that accelerated 
weathering 
results only when used with consider- 
able background comparative tests 
based exterior exposure. Beck con- 
cludes that changesin ap- 
pearance, such darkening, fading and 
chalking can well correlated with 
outdoor 

Approval for use colored 
pigments durable exterior finishes 
generaliy based their performance 
under actual outdoor exposure condi- 
tions. However, 
lightfastness performance and its meas- 
urement are major interest both 
manufacturers and users colored pig- 
ments. The destructive character 
ultraviolet radiation considered ma- 
jor factor influencing 
ness colored pigments. Accordingly, 
accelerated exposure devices equipped 
sources, with without water sprays, 
their widespread use, however, pub- 
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lished quantitative correlations ac- 
celerated and actual outdoor exposure 
measurements are relatively scarce. 

aging 20) accelerated fading differ- 
ent paint formulations. This speed-up 
factor simply the number hours (24 
per day basis) outdoor exposure re- 
quired obtain the same degree 
color change after accelerated 
exposure. Beck (2) reports average 
ent finishes. 


Experimental Details 


This study was undertaken obtain 
lightfastness correlation data 
variety pigment colors markedly 
different chemical constitution dispersed 
single vehicle system constant 


pigment volume concentration per 
cent. vehicle was good quality, 
air drying, medium length, soya bean oil 
modified Most the pigments 
were exposed full mass-tone and 
two tint levels, deep and light tint. 
Chalk-resistant rutile titanium dioxide 
was used the tinting white with the 
pigment volume concentration 
held constant per cent. 
The finishes were sprayed complete 
hiding primed aluminum panels and 
exposed angle deg facing 
south both Florida and Delaware, 
Atlas Fade-Ometer type FDA-R and 
National Carbon X-1-A Accelerated 
Weathering Unit. The ambient tem- 
perature control the Fade-Ometer was 
Weathering Unit (AWU), panels were ex- 
posed direct water spray (filtered 
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city water) for min out each hour 
exposure; ambient temperature was not 


controlled. 

Periodic visual readings were made 
the polished exposed finishes using 
unexposed control color chips for com- 
parison. Degrees color change were 
quantitatively assessed the following 
arbitrary scale zero: 


Relative 
Visual Rating Degree of Change 


10.. .... None 

Slight 

6 Considerable 

4 Severe 
Very severe 
Complete failure 

These subjective readings 
haps better understood relating them 


some very approximate NBS color 

equivalents shown Table The 

precision these subjective readings for 

experienced color reader unit 

for color changes the pre- 
cision for color changes greater than 
approaches unit. 


TABLE I.—UNIT EQUIVALENTS 
COLOR DIFFERENCE. 
Approximate 

Visual NBS Color Equivalents 
9.5 
9.0..... 
4 to 6 
6 to 10 


Included this study were some 
colored pigments representing 
the following chemical types: 


Chrome yellows and oranges 
Molybdate oranges 

Chrome greens 

Iron blue 

Pigment green 
Phthalocyanine blues and greens 
Azo yellows and reds 

Vat dye pigments 


Some these pigment types, like the 
phthalocyanines, showed essentially 
color change the exposure periods 
studied, while others, like the gamut 
chrome yellows and oranges, showed 
considerable similarity lightfastness 
characteristics. 
ical presentations data are confined 
pigments, enough illustrate 
some the important concepts accel- 
erated lightfastness testing. 


Results 
color change versus time exposure. 
Three exposure time scales are shown: 
for exterior Florida, for Fade-Ometer, 
and for Accelerated Weathering Unit 
(AWU). 
For simplicity, the Delaware exposure 
data were not plotted. general, the 
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Visual Color Change 


+ 
© Florida - 45 deg South 
Fade-ometer 
6 Accelerated Weathering Unit (AWU) 


+ 
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Hr, Fade-ometer 200 300 200 400 600 
Hr, AWU 100 200 300 100 200 300 


Duration of 


Exposure 


Fig. retention for medium chrome yellow, exterior versus accelerated exposure 
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© Florida -45 deg South 
Fade-ometer 
4 Accelerated Weathering Unit (AWU) 
Hr, Fade-ometer 200 400 600 100 200 300 
Hr, AWU 100 200 300 100 200 300 
Duration of Exposure 
Fig. retention for primrose chrome yellow, exterior versus accelerated exposure. 


Visual Color Change 


© Florida - 45 deg South 
Fade-ometer 
& Accelerated Weathering Unit (AWU) 


Fade-ometer 200 400 600 800 200 400 
Hr, AWU 100 200 300 400 150 300 450 600 
Duration of Exposure : 
Fig. 3.—Color retention for molybdate orange, exterior exposure. 


results obtained from the Delaware ex- 
posures were qualitative agreement 
with those from the corresponding 
Florida exposures; would ex- 
pected, however, color changes 
Florida proceeded faster rate. 
There are several exceptions this 


observation such the darker man- 
ganese-BON reds, where mass-tone 
darkening occurred somewhat 
rapidly Delaware than Florida. 
These exceptions, however, 
related differences chemical nature 
atmospheric impurities rather than 


more 
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differences intensity ultraviolet 
radiation. 


Lead Chromate Pigments 


Figure shows the color change-by- tone 

darkening curves for medium shade 

chrome yellow both mass-tone and 

light tint. that the precision 

the visual ratings for color change 

better than unit, data for the 

three exposures are remarkably close 

agreement. This indicates good correla- 

reliance can placed data from Accelerated Weathering Unit (AWU) 

either accelerated device. Comparison 

the exposure time scales shows mass- 

tone speed-up factor, for both Months 

instruments, and values for tint Hr, Fade-ometer 200 300 400 800 

interest note that the 'rate and de- (a) Iron blue (milori type). (b) Chrome green. 

Fig. retention, exterior versus accelerated exposure. 
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Mass-tone | 
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Color Change 


_ + + 


| 
4 + 


Visual 


gree color change are greater mass- 
tone than tint. This relatively 
among colored pigments. 


less lightfast chrome yellow, namely, 


primrose yellow. Here too, correlation 
good. this case, the 
for the Fade-Ometer and for the 
The relatively lightfastness 
the primrose yellow tint also apparent. 
Figure illustrates the lightfastness deg South 
performance molybdate orange Unit (AWU) 
mass-tone and tint under the three ex- 
posure conditions. Mass-tone values 
(Fade-Ometer) and (AWU) are 


comparable those for chrome yellows. 200 300 200 
Tint values 4.and however, in- Hr, AWU 400 800 100 200 


dicate considerably lower rate ac- 


Tint (5 Color: 95 TiOp) 
+ + 


+ 


Color Change 


+ 
| 


Duration of Exposure 


celerated fading. Correlation, (a) Orange RK. (b) Indanthrone blue lake. 
ularly mass-tone, very good. Fig. retention, exterior versus accelerated exposure. 


TABLE 


Color Index Tint Ratio, 


Pigment Chemical Type Color: 

Part Fade- Titanium Figure 
i j 2 re 

Part Ometer Ometer AWU Dioxide Reference 


Chrome yellow, primrose... PbCrO./PbSO,, rhombic Pigment yellow 34 77603 7 14 14 14 5:95 
(mixed crystal) 
Molybdate orange. PbCr0Oy/PbMoO,/PbSO, Pigment red 104 77605 7 5:95 
(mixed crystal) 
Iron blue. Pigment blue 77520 
Chrome green... . Mixture of iron blue and Pigment green 15 
chrome yellow 
Orange Dibromoanthanthrone Vat orange 59300 
Indanthrone blue Pigment blue 69810 
Green-Gold..............Nickel azo complex@ Pigment green 10 12775 
Pigment green B. .. .. Ferrous complex of a- Pigment green 8 10006 
Pigment green B. . Ferrous complex of a- Pigment green 8 10006 
Toluidine red. Pigment red 12120 
naphthol 
Parachlor red p-chlor-o-nitranaline Pigment red 12090 
8-naphthol 
Lithol rubine Pigment red 15850 
acid 
acid (Ca salt) 
BON red.... .........0-chloro-p-toluidine-m- Pigment red 48 15865 
sulfonic acid 
acid 
(Mn salt) 
Hansa yellow Pigment yellow 11680 
acetoacetanilide 


2 US Patent 2,396,327. 
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Visual Color Change 


> Florida- 45 deg South 
© Fade-ometer 
Accelerated Weathering Unit (AWU) 


+ + + 


© Months 8 12 2 6 
Hr, 100 150 100 200 300 
Hr, AWU 100 200 300 400 800 


Duration of Exposure 


Fig. retention for Green-Gold (US Patent 2,396,327), exterior versus 


accelerated exposure. 


Light Tint (10 Color: 


+ 
| 


90 Ti0>) 


Visual Color Change 


© Florida- 45 deg South 
Fade-ometer 
& Accelerated Weathering Unit (AWU) 


© Months 2 a 6 2 3 6 
Hr, Fade-ometer 200 100 150 
Hr, AWU 400 800 300 


Duration of Exposure 


Fig. 


exposure. 


ov + + + 

o 

Mass - tone 

© Florida - 45 deg South 
2} © Fade-ometer 
6 Accelerated Weathering Unit (AWU) 
Hr, Fade-ometer 100 200 300 
Hr, AWU 250 500 400 800 
Duration of Exposure 
Fig. retention for toluidine red, exterior versus accelerated exposure. 
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Color retention for pigment green exterior versus accelerated 


Although not part this study, 
has been observed that the apparent 
lightfastness molybdate 
significantly better when dispersed 
oxidizing vehicle (for example, linseed 
oil) than vehicle lower oxidiz- 
ing potential (for example, long oil 
alkyd). Conversely, parachlor red 
azo pigment dyestuff (Fig. 9)) shows su- 
perior tint lightfastness the alkyd sys- 


tem. This emphasizes the highly spe- 
character lightfastness testing 


and the danger indiscriminate com- 
parisons. 


Iron Blues and Chrome Greens 


Figure shows masstone color reten- 
tion curves for iron blue and chrome 
green (mixture iron blue and chrome 
vellow). Both units provide 
value for the iron this 
particular light shade chrome green, 
however, the Fade-Ometer and AWU 
values are more line with those for 
chrome a major component ot 
chrome green. additional similarity 
may seen the wider 
points for short-term exposure (less than 
two months) the chrome green (Fig. 
and the chrome yellow tints (Figs. 
and 2). 


Vat Dye Pigments 

Figure shows the exposure perform- 
tints two relatively lightfast 
vat dye pigments, orange and in- 


ance 


danthrone blue. the two, indan 
throne blue obviously the more 


realized for indanthrone blue both 
units, whereas, for orange RK, the Fade- 
Ometer value and the AWU 
value for both pig- 
ments 


nickel azo complex) very lightfast. 
Both accelerated units 
masstone values (58 Fade-Ometer and 
AWL). fading the Fade- 
Ometer accelerated satisfactory 
rate but not the AWU 
Lack appreciation this 
widely different opinions 
lightfastness this pigment from dry 
and wet accelerated 
spite the differences speed-up factors, 
correlation with exterior 
good, 


Pigment Green 


Pigment green not used mass- 
tone and, may seen from Fig. 
not particularly lightfast either deep 
light tints. not generally used 
exterior finishes. Nevertheless, the 
accelerated exposure data are excellent 
agreement with those for exterior ex- 


3US Patent 2,396,327. 
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posure. the case the Green- 
previously discussed, dry 
accelerated exposure (that is, Fade- 
Ometer) produces much more rapid fad- 
ing both tint levels and for 
deep and light tints, respectively) than 
does wet accelerated exposure and 
o). 


Red Azo Pigments 


Toluidine red well known for its 
high order masstone lightfastness but 
relatively poor resistance fading 
tints. This reputation confirmed 
Fig. Correlation exposure data is, 
once again, very good, but here too, the 
Fade-Ometer provides 
higher rate accelerated color change 
=36 mass-tone, and tint) than was 
realized the AWU mass-tone, 
and tint) 

Figure demonstrates that the mass- 
tone lightfastness parachlor 
superior even that toluidine red, 
very slight color change (less 
mass-tone after nine 
months exterior exposure and the 
unit precision the visual ratings, 
the wet exposure offered little accelera- 
posure (F=1 

Lithol rubine brilliant precipitated 
azo pigment relatively 
fastness dramatically demonstrated 
10. This pigment finds wide 
application blends with molybdate 
orange (Fig. formulating low-cost 
red industrial finishes. Rather typical 
the more fugitive colors, correlation 
the exposure data excellent. The 
Fade-Ometer provides the greater accel- 
erated color change 
versus =4, AWU) but the reverse 

Oddly enough, although correlation 
for both units was good for molybdate 
orange and lithol rubine 
separately, Fade-Ometer 
blends these pigments (as mass-tones) 
were found not agree all with out- 
door and AW U exposures. In the Fade- 
Ometer, the blends darkened but showed 
significant fading the lithol rubine. 
and AWU exposures, however, 
showed rapid fading the red com- 
ponent. 

ganese) another azo 
good mass-tone color retention. Good 
correlation mass-tone and tint light- 
fastness data are shown Fig. 
High mass-tone speed-up factors, 
for the Fade-Ometer and for the 
AWU were obtained; lower tint values 
for both units were realized. 


Yellow Azo Pigments 


Hansa yellow toluidine yellow, 
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Visual Color Change 


} 
Florida- 45 deg South 

© Fade-ometer 

4 Accelerated Weathering Unit (AWU) 


© Months G 8 12 2 o 6 
Hr, Fade-ometer 200 400 600 100 200 
Hr, AWU 200 400 600 500 1000 


Duration of Exposure 


Fig. 9.—Color retention for parachlor red, exterior versus accelerated exposure. 


Mass - tone 


+ 


Tint (33 Color: 


Color Change 


2 
2 + 4 | 4 + a 
© Florida- 45 deg South | 
© Accelerated Weathering Unit (AWU) 
Hr, 100 150 200 400 600 
Hr, AWU 400 800 100 200 


Duration of Exposure , 


Fig. retention for lithol rubine (resinated), exterior versus acceler- 
ated exposure. 


Moss -tone 


Visual Color Change 


© Fiorida- 45 deg South 
0 Fade-ometer 
& Accelerated Weathering Unit (AWU) 


OQ Hr, Fade-ometer 50 100 150 200 100 200 300 400 
4 Hr, AWU 100 200 300 400 100 200 300 400 


Duration of Exposure 


Fig. 11.—Color retention for permanent red 2B-manganese salt (B.O.N. red), exterior 


versus accelerated exposure. 


(TP 177) 


+ + + 4 + > + + 
6 + + + + + + + 
| | | 
Te) 
O 
4 + + + + + + + + + 
4 
biz 
| 4 wit 


600 100 150 
600 200 400 


Duration of Exposure 


Mass tone 

c 

6 

4 
23 
> + 
Florida-45 deg South 
2 Fade-ometer 
Accelerated Weathering Unit (AWU) 

Months 
0 Hr, Fade-ometer 200 400 
4 Hr, AWU 200 400 

Fig. 12. 
8 

ovo 

o 

Cc 

6 

Moss -tone 
=] 
4 
> 


© Florida~45 deg South 
2} © Fade-ometer 
& Accelerated Weathering Unit (AWU) 


Months 
Hr, Fade-ometer 100 
Hr, AWU 200 400 


Color retention for Hansa yellow exterior versus accelerated exposure. 


150 100 200 
600 400 800 


Duration of Exposure 


Fig. 13. 


Color retention for benzidine yellow (o-toluidide type), exterior versus acceler- 


ated exposure. 


represented Fig. 12, where its excel- 
lent mass-tone lightfastness apparent. 
posures with exterior exposure leaves 
little desired. moderately high 
mass-tone value both units and 
offer good acceleration rates. The tint 
value the AWU, however, only 
this respect toluidine yellow behaves 
fashion similar Green-Gold, pig- 
ment green toluidine red, and para- 
chlor red. 

ticularly lightfast pigment but receives 
some consideration the formulation 
lead-free paints. may seen 
Fig. 13, correlation mass-tone AWU 
data with exterior exposure data poor; 
correlation only fair for the Fade- 
Ometer. tints, correlation for both 
Although not very 


devices is good. 
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reliable, the mass-tone value for the 
AWU while that for the Fade- 
Ometer 29. tints, the Fade- 
Ometer once again offers higher rate 
accelerated fading =7) than does 


the AWU 


Discussion 


Although this study was means 
exhaustive, does appear that accel- 
erated fading devices can provide rapid 
and reliable color-retention 
colored pigmented 
equally apparent, however, that 
the full potential value these instru- 
ments can realized only when sup- 
ported adequate background 
correlating for the systems 
evaluated. 

view the wide variation 
values obtained (ranging from 58) 


for the pigments tested, well the 
highiy specifie performance character- 
istics each pigment these instru- 
tion for assigning average value 
Further, 
testing water-resistant samples, there 
advantage for either wet dry 
erated exposures. the 
limited data, more rapid fading tints 
colored pigments seems 
favor the use This 
may the result the higher concen- 
tration ultraviolet radiation from the 
Fade-Ometer light The manu- 
facturers indicate per cent below 
100 for the Fade-Ometer and pe: 
cent for the X-1-A Accelerated Weather- 
ing Unit. Haynes (4) reports per cent 
surface the earth the range 200 
380 mu. 


general 


basis of 


Conclusions 


The relative colorfastness pig- 
ments the same chemical nature can 
reliably compared both wet and 
dry exposure devices (Fade- 
Ometer and 

The approximate colorfastness 
exterior exposure pigment, the 
relative colorfastness two 
pigments which differ chemical nature, 
usually reliably 
from accelerated exposures, except when 
correlation previously de- 
speed-up 
Unless modified, how- 


more 
cannot 
has been 
and 
factors applied. 
the accelerated devices cannot 
duplicate the influence abnormal 
conditions 
chemical impurities). 


veloped corresponding 


ever, 


(for example, 
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Flexural and Impact Variations Phenolic Moldings: 
Statistical Round-Robin Study 


ELMER and HARRINGTON, Jr. 


strength and 
impact strength have long been stand- 
ard methods for determining the me- 
chanical behavior plastie 
Procedures for each these tests have 
been part ASTM for 
many years. has also been obvious, 
however, that the method specimen 
preparation, which not only varies be- 
tween but within specific plastic mate- 
rials, may play prominent part de- 
termining test results. 

methods specimen preparation, 
round robin was undertaken Sub- 
committee Molds and Molding 
ASTM Committee D-20 
compare compression versus transfer- 
molded specimens and mold- 
The proposed 
program involved such large number 
potentially significant variables that 
fairly complex statistical design was nec- 
essary accomplish the desired end. 

was decided work only with 
flexural and impact test results, while 
obtaining two sets the latter order 
determine the difference testing the 
gate end and dead end 
molded bar. 

For transfer-molded specimens, the 
difference between two molding labora- 
tories had established. 

For compression-molded 
not only were four molding laboratories 
compared, but two methods 
were eval- 


ing procedures for 


versus powder 
uated. 

comparing transfer-molded with 
compression-molded 
the difference level and the test error 
(reproducibility) were obtained. 

study the effect three molding 
and test precision was planned. 


NOTE—DISCUSSION OF THIS PAPER 
IS INVITED, either for publication or for 
the attention the author authors. 
dress all communications ASTM Head- 
quarters, 1916 Race St., Philadelphia Pa. 


Book ASTM Standards, ASTM 
Tentative Method Test for Flexural 

Ibid., ASTM Methods Test for Impact 
Resistance Plastics and Electrical Insulat- 
ing Materials, Part 9, p. 284. 

3’ Ibid., ASTM Recommended Practice for 
Interlaboratory Testing of Textile Materials, 
Part 10, 367. 
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4, 

The seven phenolic molding materials 
were chosen for their dissimilarity 
able judge differences repro- 
ducibility well level various 
tests. 

Six testing laboratories were 
evaluated for differences test level and 
reproducibility. 

From the point view thorough- 
ness and simplicity, would have been 
desirable design the round-robin pro- 
gram following ASTM Recommended 
Practice for Interlaboratory Testing 
Textile Materials This de- 
sign split plot factorial, and has been 
the basis numerous round robins, in- 
cluding those Committee D-20 (Table 
the current problem, this very 


ideal design would have involved pro- 
hibitive amount work. With seven 
materials, two types molding, six 
molding laboratories, two conditions 
preheat, three molding temperatures, 
and six testing laboratories, the usual 
factorial would have required 3024 com- 
binations testing conditions. seven 
pieces were broken under each combina- 
tion (in order measure test repro- 
ducibility), the data would have con- 
sisted 21,168 observations for each 
property, and there were four properties 
measured! 

Some reduction the size the ex- 
periment was dictated the fact that 
not all molding laboratories 
pared mold under the conditions 


TABLE FORM FOR 


Laboratory 1 


Operator 1 


Test Test 
1 2 More ag 
Material 
Sample 
Sample 
Sample 
Or more 
Material 
Sample 
Sample 2 
Sample 
Or more. 
Material 
Or more 


Operator 2 
More 
Test | Test | 
More 


Laboratory More 


Operator 2 
Operator 1 or More 
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transfer and compression prescribed, and 
that the variable identified precon- 
ditioning applied only the compres- 
sion-molded specimens. Whether 
wished not, these restrictions re- 
duced the size the experiment 648 
testing conditions, mere 4536 ob- 
servations for each property and, 
course, introduced unbalance into 
the experimental design which would 
preclude the possibility straightfor- 
ward analysis variance outlined 
ASTM Method 990. 

When less than full factorial experi- 
ment run, some confounding always 
takes place. confounding meant 
entangling effects such would re- 
sult if, for example, Bell Telephone 
Laboratories molded all 
specimens and General Electric Co. 
molded all the compression specimens. 
this case, any difference between the 
transfer and compression molding might 


TABLE DESIGN FOR ASTM ROUND ROBIN PHENOLIC 


ing all data accurately and completely 
(especially reduced experiment such 
this) detailed instructions and data 
sheets were provided for all the partici- 


pants (Table The completed data 
sheets allowed relatively easy transfer 
digital code for use with elec- 
tronic computer. Each combination 
was represented six-digit number 
describing its elements. For example: 
323114 indicated material compres- 
sion-molded Bell Laboratories using 
preheat condition prior molding 
290 and subsequently tested Pica- 
tinny Arsenal (test cell C7, Table 
IBM carrying this number was 
then used transmit all the experi- 
mental data obtained the above com- 
bination, after transforming them 
natural logarithms. (In the analysis 
the data, was necessary use natural 
logarithms, rather than 
arithmetic scale, because the testing er- 


ror proportional the value being 
considered. After statistical analysis, 
these logarithms were re-transformed 
the more familiar arithmetic scale.) 

The data reported the testing lab- 
oratories were analyzed two ways: (1) 
determine the average levels between 
the tested properties influenced the 
experimental variables, for example, the 
average gate-end impact versus the 
dead-end impact, and determine 
the variance precision) within 
the several testing combinations. The 
first analysis the usual pattern 
necessary experimental design. 
For the second (that is, test precision), 
the variance the seven observations 
was calculated for the testing com- 
binations and then analysis vari- 
ance conducted these 
calculations were conducted IBM 
704 computer. 


Durez 

Molding 

Temperature 290 320 340 

Testing laboratories: 

Durez El P2 B3 
Bakelite 
Picatinny Bl C2 E3 
Western Electric Al B2 D3 
Monsanto PI A2 C3 


Transfer Molding by¢ 


Monsanto 


Compression Molding by@ 


Cold Powder 


Western General 
Bell Bakelite 
290 320 340 290 320 340 290 320 340 290 320 340 290 320 340 
B4 A5 PS Dg Q10 Ell Cl2 Qi3 Al4 C15 E16 D17 P18 
C4 P6 ET QS8 P9 Cll Al2 Al3 D115 Qi6 CIs 
A4 P5 D6 C7 DS Q9 P10 All E12 E13 Pi5 C17 AIS 
D5 ? AY C10 Pil P13 C14 Els DI1s 


of Conditioning Plastics and Electrical Insulating Materials for Testing (D 618-58). 


Preheat conditions: 


Transfer mold pressure, minimum fill plus 1000 psi ram; 2-min cure. 
Compression molding pressure, 2500 500 psi; 2-min-cure (preheated), 5-min cure (cold powder). 


also due difference between Bell 
this investigation was 
possible assign least two 
tories each molding condition, and 
thus reduce the confounding 
minimum. 

The experiment was still unreasonably 
large. could reduce further 
removing some the variables had 
hoped evaluate, possibly an- 
other device fractional 
replication. Through some foresight 
the earlier stages planning, de- 
veloped that there were three main 
blocks molding types, each 
which there were six testing laboratories, 
six molding conditions (two laboratories 
three temperatures each), and six ma- 
terials. This foreordained circumstance 
allowed one-sixth replicate the full 
factorial which reduced the testing 
each block per cent, resulting 
final round robin 108 testing 
tions compared with the original 3024. 
interesting note that this per 
cent the initial full factorial experi- 
ment. (See Table II.) 

the importance report- 
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Material (circle code letter) 
Transfer Compression Molded 
Molding Laboratory 

Preheat Cold Powder 
Molding Temperature 

6. Testing Laboratory 

Date Molding 

Date Testing 

Type Testing Machine 
10. 

1] 


wt 
Specimens Phenolic Materials 796-51); Specification for Molds for Test Specimens Molding Materials 647 


lethods 


sec for mica-filled (material B). 


IBM Code* 


Test Resutts 


Tensile Flexural Flexural 
Transfer 

omit omit x 


Com- omit omit x 
pression 


Test No. 1 
Test No. 2 
Test No. 
Test No. 4 
Test No. 5 
Test No. 6 


1 


*Do not use this column 
NOTE 


Elmer any questions arise. 


—Use one data sheet for each cell the round-robin design 
Elmer, Monsanto Chemical Co., Springfield Mass., when data are complete 


Impact Impact Impact 
(Gate DOnd (Dead End) (Compression 


x x omit 


omit omit x 


Return all sheets 
Contact 
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TABLE SHEET, ASTM ROUND ROBIN. 
data for cell number (See page Round Robin Instructions 
12. - 
we 


n 
nN 


Impact Strength, ft-ib per i 


| Test Level 


0.450 
0.400 
0.350 


Test Precision 


(One Standard 


0.300 


290 


Temperature 


Testing Laboratory 


© = Compresion Molded 
© = Transfer Molded (Gate End) 


strength data. 


© 


Testing Laboratory 


w 


a = Transfer Molded (Dead End) 
0 = Different Materials 


Variance, per cent 


Fig. level and analysis variance impact 


Flexural Strength, psi 


Temperature 


Dif ferent Materials 


Fig. 


Variances, 
(Duplicate Error 
or Precision), 
per cent 


Testing Laboratory 


TABLE ROUND ROBIN, ANALYSIS VARIANCE, IMPACT 
STRENGTH. 
Test Values, 
per cent 
Materials: 


Compression 
Transfer, gate end 
Transfer, dead end 


Molding methods: 
Compression molding 
Preheat versus cold powder. 
Molding laboratories 
Transfer molding 
Gate end versus dead end. 
Molding laboratories... . . 
Compression versus transfer 
Molding temperatures 
Compression 
Gate end. 
Dead end... 
Testing laboratories: 
Compression. . 
Transfer 
Dead end 
Gate end 


99.9 
95 
95 
95 
99 95 


Confidence level not calculated, but estimated greater than per cent. 


TABLE 


Confidence Level 


Test Values, per cent 


ASTM ROUND ROBIN, ANALYSIS VARIANCE, FLEXURAL 
STRENGTH. 


Variances, 


(Duplicate Error 
Precision), per cent 


Materials: 
Compression 
Transfer 


Molding methods: 
Compression molding 
Preheat versus cold powder 
Molding laboratories. 
Transfer molding 
Molding laboratories 
Compression versus transfer 
Molding temperatures 
Testing laboratories: 
Compression 
Transfer. 


October 1960 


99.99 
99.99 


99 
>99" 


99.9 
99.9 


95 


Confidence level not calculated, but estimated greater than per cent. 


Test Precision 
Standard Deviation) 


Material 


Variance, per cent 


320 
Temperature 


350 


Testing Laboratory 


©= Compression 
Transfer 


Analysis level and analysis variance 


strength data. 


Analysis Data 


The data taken under the wide variety 
conditions and the six testing lab- 
oratories were compiled analyzed 
the analysis variance technique, with 
results shown Tables and 
chosen 0.05, the equivalent confi- 
dence level least per cent that 
the effect noted does, fact, exist. 
Those effects which did not achieve this 
level significance are indicated these 
tables with dots. 

The statistically significant effects are 
noted that the values which 
are plotted are the geometric means 
rather than arithmetic means, because 
the analysis was conducted 
logarithms the data. Test precision, 
for the same reason, expressed per- 
centage these average values. 


Results and Conclusions 


Generai Conclusions 


This round robin has provided useful 
information concerning the effects the 
though rather large inconsistencies ap- 
parently exist among the testing tech- 
niques and equipment the several 
laboratories involved. 

The flexural strength 
molded specimens averaged 13.1 per cent 
greater than that compression-molded 
specimens, although this increase varied 
with the type material being con- 
sidered. The precision attained with 
both transfer and 
mens was about 5.5 per cent, expressed 
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the standard deviation. There ap- 
peared difference test preci- 
sion between two methods. 

Flexural strength was dependent 
molding temperature and increased lin- 
early between 290 and 350 about 
per cent. 

The impact strength compression- 
molded specimens averaged per 
cent greater than that the transfer- 
molded specimens. This was 
verse the effect noted for flexural 
strength. The dead end the transfer 
specimen averaged about per cent 
stronger than the gate end. not 
possible make unqualified state- 
ment concerning the test precision at- 
tained the two molding methods, be- 
cause there are too many inconsistencies, 
but appears that the dead end the 
transfer specimen yielded 
precise data, having average stand- 
ard deviation per cent. The gate 
end and the compression specimen were 
approximately equal, giving average 
standard deviations per cent. 

These general conclusions are based 
the averages all materials tested 
all laboratories, and they may not 
hold for specific materials where the 
are not clear cut. Much 
this indeterminacy arises from the 
inconsistency both level and test pre- 
cision which existed among the several 
testing laboratories. 


Flexural Strength 
(See Fig. and Table IV) 


seven phenolic mold-, 
ing materials gave range level 
6000 14,000 psi. This, 
represents adequate spread for the 
observation different methods test- 
ing and specimen preparation. Not only 
were the test levels found signifi- 
cantly different, 
within each set test values was also 
found to be significantly different be- 
tween materials the case transfer 
moldings. However, significant 
difference test precision was shown 
the case 
terials. 

Molding Methods: 

(1) significant 
changes level were found comparing 
specimens made from 
forms with those prepared 
‘Test precision was found es- 
sentially equal both cases. 

Comparison four molding labora- 
cant difference among them. However, 
difference precision the results 


can attributed molding laboratory 
variations. 

(2) TRANSFER. Preparation 
transfer-molded specimens two differ- 
ent laboratories did not affect test levels 
reproducibility. 

(3) Compression Versus TRANSFER. 

comparing compression with trans- 
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fer-molded specimens, one can generally 
conclude that (a) easier reproduce 
test results when compression-molded 
specimens are prepared different lab- 
oratories than when transfer moldings 
are used, and (b) significant differ- 
ences between flexural strength results 
duplication errors can otherwise at- 
tributed change these two mold- 
ing methods. 

(4) 
rise molding temperature from 290 
350 was shown increase flexural 
strength about per cent, regard- 
less molding method. However, 
ransfer-molded specimens gave flexural 
results which were about per cent 
higher than compression-molded results, 
regardless temperature. Changes 
molding temperature appear have 
significant effect reproducibility. 

Testing Laboratories. slightly 
greater difference test levels between 
laboratories was produced with transfer- 
molded specimens than with compres- 
sion-molded comparison test 
levels again shows transfer-molded spec- 
imens give about per cent higher 
strength than compression moldings. 


Impact Strength 
(See Fig. and Table 


Materials.—As was expected, 
significant difference impact strength 
was found among the seven materials 
chosen. range results (0.30 
0.40 was considered sufficient 
obtain meaningful data. significant 
differences the duplication error dif- 
ferent could established. 

Molding Methods: 

(1) COMPRESSION 
significant difference test results was 
found when material 
rather than used the cold powder. 
These methods also caused significant 
difference precision the test results. 

Comparison four molding labora- 
tories showed significant difference (95 
per cent) test results, although dif- 
ference test precision was 

(2) the case 
transfer molding, where specimens 
can differ character from one end 
the other, per cent significant dif- 
ference was shown between test results 
gate end versus dead end, the latter 
showing consistently higher impact 
strength. addition, there was 
per cent significant difference duplica- 
tion error within test results, the dead 
end generally showing poorer precision 
than the gate end. 

(3) 
significant 
among laboratories the case trans- 
fer-molded specimens, indicating better 
laboratory-to-laboratory 
ity. Precision, however, 
cantly different (99 per cent) the case 
dead-end test; there was difference 
between gate-end test specimens. 


LABORATORIES. 


difference 


(4) TRANSFER 

The following general conclusions can 
drawn from comparison compres- 
sion- with transfer-molded impact test 
results: (a) Compression molding gives 
consistently equal or. higher impact 
strength than either the dead-end 
mens. (b) Compression molding ap- 
pears produce better sensitivity than 
transfer Compression 
molding seems result reproduci- 
bility equal that dead-end side 
transfer specimens and about half that 
the gate-end side. 

Testing distinct dif- 
ference (99 per cent) was shown among 
testing laboratories impact 
sults. The three data points available 
show identical changes for compression- 
molded and gate-end, dead-end transfer- 
molded materials. Differences 
producibility were not clear, with 
only the gate end showing the 
per cent significance level. dead 
end showed significant difference, 
whereas compression moldings gave 
differences the per cent level. 

conclusion, hope that some light 
has been shed the problem test 
specimen preparation and the effect 
test values and duplication errors. The 
data, themselves, mean nothing un- 
less they are used for intelligent con- 
clusions their value the in- 
dustry. 

utilizing the results presented here, 
must considered that the excellent 
agreement shown most cases was 
made possible careful adherenve 
instructions and specifically duplicated 
molding conditions. well known 
that this type agreement not 
common, particularly with impact 
Nevertheless, can done, 
additicnal reason for work 
commence 
Plastics 
mended practices for molding 


recom- 


The program described paper 
was June, 1957, order 
evaluate transfer molding method 
for preparing test specimens phenolic 
molding powders. Mr. Jackson, 
Monsanto Chemical Co., was prime 
mover getting this activity started 
but was forced leave the project due 
following ASTM Com- 
mittee D-20 were responsible 
for the success this project virtue 
their unselfish devotion time and 
this magnitude: Florentine, Gen- 
eral Electric Co.; Gunst, Union 
Carbide Co.; Johnston, 
Weston, Western Electric Co. 
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Moisture Penetration Brick Masonry Panels 


penetration brick 
masonry walls has been problem with 
many buildings Canada. most 
frequent areas such the Atlantic 
provinces, which have prolonged rain- 
storms, but not uncommon 
interior regions. Many buildings af- 
fected rain penetration have been 
examined members the Division 
Building Research the National 
Council, and survey the 
extensive literature dealing with the 
subject has been prepared (1).! 

studies some the 
factors contributing the problem 
have been undertaken using appara- 
tus for determining the resistance 
moisture penetration large brickwork 
panels based that developed the 
National Bureau Standards (2, 3). 
This paper describes the apparatus and 
the resuits some initial tests panels 
made several types bricks and 
two mortars. 


Test Method 


Panels about wide and 
high were constructed experienced 
bricklayer and allowed cure before 
being used the moisture penetration 
tests. The apparatus, Fig. con- 
sisted air-pressure chamber and 
wheeled frame carrying the test panel, 
which could moved 
and tightly sealed place against the 
chamber form one side it. 
pumping air into the chamber air- 
was maintained 
across the panel give the effect 
wind blowing against the wall 
building. Water horizontal 
pipe placed near the top course 
bricks was sprayed from holes spaced 
along its length that small streams 
water spread over the surface 
the panel film. 

Water was pumped through the flow 
meter the horizontal pipe, across 
the face the panel, and deflected 
the base the panel back into the 
water supply tank pumped the 
panel again. Air was supplied the 


NOTE—DISCUSSION OF THIS PAPER 
INVITED, either for publication for 
the attention the author 
dress all communications to ASTM Head 
quarters, 1916 Race St., Philadelphia Pa. 


boldface numbers parentheses 
refer the list references appended this 
paper. 


October 1960 


Large brick masonry panels several types bricks and two mortars 
were tested for moisture penetration spraying water one face and 
maintaining air-pressure difference across the panel simulate wind 
and rain. The resistance the panels penetration varied 
greatly and depended the properties the brick and mortar combi- 
ration. occurred the interface, and some cases 
through the bricks. Information the influence air pressure 
leakage and the influence wall thickness leakage was obtained. 
Working properties the materials affected the bricklayer’s technique 
constructing the panels. The effect moisture penetration 
weathering panels outdoor exposure was also studied. 


Soft Plastic 
Sealing Strip 


Air-pressure Chamber 


Rigid Foamed 
Plastic 


Regulating 


Sponge Plastic 


Flow Meter Test 
ane 
Moanometer 
Pump 
Rigid Foamed 


Plastic Base 


Supply 


Tank 


Leakage 
Water 


Fig. 1.—Diagram apparatus. 
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cipally the field concrete. 
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and was low suction; 
two ranges suction namely 
and per min per in. were 
used. Brick was moderate suction, 
and again two ranges this case, 
shale brick made the dry-press 
method, was quite high 
four suction ranges, 69, 79, 
Brick was obtained the normal size, 
in. long, in. wide, 


height. The latter were not classified 
for suction and taken 
from the pile. 
The concrete bricks also were used 
they came from the pile without 
classification into particular suction 
Fig. chamber and wheeled frame moisture penetration apparatus. range, although both were rela- 
tively high suction. Brick was 
chamber through regulating valve, frame and the pressure chamber are 
: sed. concrete and Clay and shaie 
used building panels were laid dry 


rigid foamed plastic material cemented 
steel channel, with coating 
mortar trowelled the sides and top 
the panel level these surfaces. 
channel with the panel on it could be 
lifted and wheeled the frame. While 
the frame, the panel was held 
place which applied pressure 
the sides and top the panel through 
wooden board and layer rigid 
foamed plastic. further layer 
sponge plastic material placed between 
the panel and the rigid plastic took 
any slight irregularities the surface. 
Thus the panel was surrounded all 
edges rigid foamed plastic. had 
originally been planned test the panels 
dient from face face, that the plas- 
tic slabs were provided isolate the 
panel thermally the edges. Tests 
under such conditions were not made, 
however, although the was useful 
seal the panel edges. 

When the frame was moved into 
position against the 
foamed plastic slabs surrounding the 
panel pressed against soft sponge 
tightening four bolts connecting 
the frame and chamber tight seal was 
obtained. window the back wall 
the chamber permitted adjustment 
the water pipe and when closed al- 
lowed observation the 
face the panel during the test. The 


? Methods of Sampling and Testing Brick 
(C 67 — 57), 1958 Book of ASTM Standards, 


maintain film over the panel surface. 
difference across the panel 
was maintained 2.5 in. water 
(13 per ft). The actual pressure 
difference across the walls building 
depends many factors which include 
wind speed and height and shape the 
building pressure difference 
2.5 in. water used the tests 
about equal that which might 
result from 70-mph 
against building. The test conditions 
were therefore considered represent 
heavy rain accompanied high wind. 


Test Specimens 


Bricks 


Clay and shale bricks three 
different manufacturers 
bricks from two sources were used the 
tests. The clay and shale bricks were 
selected provide, among the three 
types, wide range the property 
initial rate absorption suction. 
This may determined standard 
test? and generally 
important factor the bonding 
mortar brick. From each the 
three lots, bricks were selected for panel 
construction within relatively 
narrow suction range. 

The clay and shale bricks were de- 
signated and the first two 
being made the extrusion method 


the mortar. attempt was made 
alter the suction wetting the bricks 
before use. 

Properties of, the various bricks are 
listed Table 


Mortars 


Two mortars cement, lime, and 
sand were used. One was relatively 
high lime content, containing part 
portland cement, parts lime, and 
parts sand volume. The other was 
high cement content, with 
portland cement, part lime, and 
parts sand volume. The lime was 
prepared from normally hydrated 
lime soaked water overnight before 
use. was proportioned volume 
putty. natural sand was used, 
the particle-size grading which con- 
formed ASTM Specification 144.4 
was proportioned the basis 
volume dry condition. 

Mortar materials were thoroughly 
mixed mechanical mixer, each 
batch consisting about ft. 
When mixed, the mortar was slightly 
stiff consistency; was delivered 
the bricklayer’s board this state 
that could add water desired. 

Water retentivity values mortars 
were measured ASTM Methods 
110°; the 1:2:9 mortar had average 
value 85, while that the 
mortar was 67. 


TABLE I.—PROPERTIES THE BRICKS. 


Suction, 


Absorption, 


per cent dry weight Saturation 


g per min 


per 30 sq in. 


for Building Brick (Solid 
Masonry Tentative Revision of Specifications ee : 
C 62) (C 62-58) 1959 Supplement to 1958 / Si : 0.7t04.3 1.9to5.3 35 to 0.86 

and Hydrated Lime (C 110-58), 1958 - 

Book ASTM Standards, Part 249. Not measured. 


24-hr 5-hr Coefficient 


Immersion Boil 
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Panel Construction and Testing 


Panels were constructed brick- 
layer many years’ experience who was 
instructed work carefully and fill 
all the joints completely. His observa- 
tions the working properties the 
various materials are discussed later. 

Mortar joints one side the panel 
some 
this was done shortly after the bricks 
were laid, but other cases only after 
some hours, depending the rate 
stiffening the mortar. The bricklayer 
was allowed tool the joints when 
panels that were and in. thick, 
common bonding patterns were used, 
each sixth course composed header 
bricks. 

Flashings were installed the base 
the panels divert the spray and 
leakage water Two 
materials were used, both 
fabric and thin-gage 
some panels the flashings were laid 
about in. the mortar joint the 
panel was being constructed, but 
was found easier later panels rake 
our the fresh mortar joints depth 
about in. and insert the flashing 
and fasten place with caulking 
material. 

When the bricklayer completed 
panel, the edges and top surfaces were 
covered with mortar parget level 
them. When the panel appeared dry 
the surface, caulking material was 
applied the front and back faces 
strip near the edges. this way 
40-in. width brickwork was left 
uncovered and exposed the water 
spray the test. The panels were 
stored under uncontrolled and variable 
temperature and humidity conditions 
for and days until tested. 

During the test, observations were 
made the time taken for dampness 
appear the back the panel, 
the development damp areas, and 
the rate leakage moisture through 
the panel certain times after the 
start the test. The rate leakage 
was usually measured and min, 
start the test. 


Cases 


Influence Brick and Mortar 
Moisture Penetration 


Each the three clay shale 
bricks was used with two mortars 
combination was made duplicate, 
resulting panels all. The two 
concrete bricks were also used with two 
mortars, but only single panel 
each combination was made and one 
them was broken accidentally and 
not tested. 

Resistance the various panels 
moisture penetration varied markedly. 
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TABLE 


INFLUENCE TYPE 
PENETRATION 


BRICK 


AND MORTAR MOISTURE 
PANELS. 


Mortar 
Portland Cement: 
Volume 


Suction, 
per min 
per in. 


Mortar 
tate of Leakage, 
water per min 
per 100 panel 
Maximum 


5 to 19 
20 to 24 
| 20 to 24 
; SO to 89 
60 to 69 
\ 90 to 99 
12 to 65 
D:... \ 12 to 65 
124 


@ Not recorded. 


few cases there was leakage 
water through the panel, others only 
slight amount, while some cases 
moisture passed through 
very freely. Rates 
tests was found that the rate changed, 
rising value and then 
decreasing; the panels, therefore, are 
compared the basis the maximum 
leakage rate recorded after the 
start the test. Leakage rate 
expressed pounds water per minute 

leakage water came off the backs 
panels which brick was used 
with either mortar. For 
this brick, there was dampness 
visible the back the panel after 
test, and the other two panels 
had only few small damp spots the 
mortar joints. 

Panels brick and the 1:2:9 
mortar allowed relatively slight 
amount leakage take place, while 
with the same mortar panels brick 
considerably worse. With the 
mortar, however, bricks and 
both had much higher rate 
leakage than with the 1:2:9 mortar. 
the case brick the pairs 
panels for the two mortars were con- 
structed bricks slightly different 

Brick 


Mortar 


— @ 


Leakage Rate, per min per 


+ 


creased the 
mortar. 

The reproducibility results was not 
impressive, particularly for panels 
brick and mortar. Variation 
results pairs panels, how- 
ever, was not sufficient mask the 
great differences leakage characteris- 
tics resulting from the type brick 
and mortar used. For clay and shale 
bricks appeared that the leakage 
rate increased the suction the 
brick increased, and except. for panels 
the low-suction brick, the leakage 
rate was much higher for the 
mertar than for the 1:2:9 mortar. 
well known that different limes 
have different effects mortar proper- 
ties such water retentivity and ac- 
cordingly the extent bond. The 
moisture penetration with increased 
lime content mortar which was noted 
with the particular lime used, may not 
occur with other limes. 

The higher-suction concrete brick 
with 1:2:9 mortar produced 
slightly greater leakage rate than that 
brick with the same mortar. The 


the change 


however, was lower leakage rate 
than that with the 1:2:9 mortar, 
which was the reverse the situation 
for clay bricks and Later tests 


Brick 
Mortar 


| 


Time After Start Test, 


Fig. 


Change leakage rate 8-in. panels during test. 
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os 1:144:3% 0 0 
ato 1:2:9 0.14 0.06 
1:2:9 0.05 0.01 
1:14 2.48 1.67 
1:2:9 0.48 0.48 
1:2:9 0.65 0.65 
1:2:9 1.42 1.24 
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two 4-in.-thick panels concrete 
brick were made with the result that 
the panel with mortar had 
much higher leakage rate than that with 
the 1:2:9 mortar. The 
mortar composition the moisture 
penetration characteristics 
brick masonry therefore not clear. 


Change Leakage Rate During Test 


The rate leakage changed during 
the tests, rising maximum value 
the first few hours and decreasing 
the test continued. 
the change for three panels are shown 
Fig. 

White streaks and discoloration ap- 
This material, deposited openings 
the panel, could presumably reduce 
leakage. Analysis sample obtained 
from the back one panel indicated 
that was carbonate. 


Influence Panel Thickness 
Moisture Penetration 


With both mortars and brick 
panels were constructed thicknesses 
53, and in., the second thick- 
ness being that the 
Results the tests these panels 
are compared Table the basis 
corded during the time taken 
for the first dampness appear the 
back the panel after the start the 
test also shown. 

The and panels both 
and the panel the high- 
cement mortar started leak very 
quickly and relatively large quantity. 
However, the panel 
creased the leakage 
decreased, that the time interval 
became longer before 
peared the back. For the 12-in. 
panel with 1:2:9 mortar dampness 
appeared after min test, although 
water came off the back the panel 
for over the case the 12-in. 
panel mortar, dampness 
appeared the back after min, 
but leakage water came off the back 
for hr. 


Influence Air Pressure 
Rate Leakage 


Although the leakage rate changed 
during test, after the change was 
usually very gradual. the test, two 
panels, when the leakage rate was thus 
fairly constant, the air-pressure differ- 
ence was reduced stages determine 
the effect the rate leakage. One 
the panels was brick in. thick. 
Leakage rates this panel under the 
normal air-pressure difference 
in. water (used the and under 
reduced pressures are shown Table 

4-in. panel brick was measured 


186) 


at, 


PENETRATION, 


Panel 


Thickness, in. Mortar 
1:2:9 

4 4. 61 

5% 3.01 

8 0.65 

0.71 


under the normal test conditions 
in. air-pressure difference and then 
under air-pressure difference, with 
the result that the rate leakage 
dropped from 10.3 1.9 water 
per min per 100 panel. 
both tests, therefore, apparent 
that the rate leakage was influenced 
greatly the air-pressure difference 
across the panel. 


Leakage Mortar Joints 
and Through Bricks 


When 
place usually occurred first 
mortar joints, although for panels 
brick and concrete brick dampness 
frequently appeared the surface 
brick while the mortar joints surround- 
ing appeared Small bub- 
bles were sometimes seen the brick 
surface when moisture came through it. 
most panels, moisture penetration 
through the joints showed first 
the header bricks. some 
meable panels air leakage through the 
mortar joints, between and 
brick. could detected placing the 
hand near the panel surface. 

leakage attributable the mortar 
joints, three panels brick 


thickness) were constructed, 
1:2:9 mortar, the second 


mortar and the third with caulked mor- 
tar joints. the last case, completion 
the panel the joints were raked out 
each side depth about in. 
and subsequently packed with caulk- 
ing material. The results these 
tests are shown Table the basis 
corded during the test. 

For this brick was indicated that 
the proportion which 
penetrated the through 
bricks themselves was relatively small 
compared that which penetrated 
the mortar joints. 


Mortar Working Qualities 


differences methods indi- 
cated that working characteristics dif- 
fered appreciably for various combina- 
tions materials. attempt was 
consistency have them used 
that state. The bricklayer could tem- 
per the mortar with water adjust the 
consistency wished. Records 
were made mortar flow, indi- 


Maximum Leakage Rate, 
per min per 100 


Time for Dampness 
Appear Back 


Mortar Mortar Mortar 
1:3:33 1:2:9 1:44:33 
10. 64 30 sec 15 see 
5.45 30 sec 1 44min 
3.46 min 
23 min 16 min 


0.80 


TABLE IV.—INFLUENCE 
PRESSURE DIFFERENCE ACROSS 
PANEL ON RATE OF LEAKAGE. 

Leakage 


per min per 
100 sq ft 


Air Pressure 
Difference, in. 
of water 


2.5 0.58 
1 0.21 
0.5 0.09 
0 0.02 


TABLE V.—COMPARISON MORTAR- 
JOINT LEAKAGE AND LEAKAGE 
THROUGH FOR PANELS 
BRICK IN. THICK. 


Maximum Leakage Rate 


Mortar lb per min 

per 100 sq ft 
1:2:9 3.01 
5.43 
Raked and caulked 0.60 


@ Assuming no leakage through caulked 
joint. 


TABI 
TARS USED WITH VARIOUS BRICKS. 
Mortar Flow, per cent 
Brick Mortar Mortar 
1:2:9 1:'/4:3? 
A (suction 2 to 
109.5 118 
(suction 
to 24 g) 114 120 
C (suction 60 
to 99 g). 114.5 126 
D (suction 12 to 
114 120 
E (suction 83 to 
124 ¢ 117 129 
Average for all 


bricks 114 123 


cation consistency, the 
used with the various bricks. 
average flow values several measure- 
ments are shown Table and 
indicate that the consistency was 
adjusted according the type brick 
increased the mortar was made wetter 
produce higher flow value. 

With given brick the flow the 
high-cement consistently 
much greater than that the high- 
lime mortar. The bricklayer was very 
critical the former mortar, since 
was very difficult trowel and set 
bricks it. stated that needed 
more lime make suitable, and 
although this work willing 
use pointed out that, specified 
for actual building, would not 
acceptable brickiayers, who would 
adjust the workability adding more 
lime. The 1:2:9 mortar was much 
more plastic and workable, 
was satisfied with it. stayed work- 
able for long period, whereas the 
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mortar stiffened the board 


short time and required frequent 
tempering with water maintain its 
was sensitive the 
amount water added, and although 
plasticity stiffened upon standing, 
with segregation water. short, the 
water retention values the mortars 
appeared reflect their working prop- 
erties. 

The bricklayer believed that the sand 
was too coarse and resulted harsh 
mortar, but was well-graded according 
ple another local sand 
quently used was supplied him for 
inspection. did not meet specification 


‘requirements for grading, however, 


contained considerably too much 
fine material. Although the bricklayer 
originally expressed the opinion that 
the sand used was too coarse, later 
tributed mortar harshness insuffi- 
lime. was not clear therefore, 
aich the two factors, his opinion 
governed the working qualities the 
mortar. 

The bricklayer also pointed out that 
mortar mixing actual job 
the work the helper and that there 
consistent proportioning ma- 
terials; they are mixed, adding lime 
needed, produce mortar that slides 
easily off the shovel. 
decides its acceptability. 

The bricklayer said his normal pro- 
cedure was lay out furrowed mortar 
bed somewhat deeper than the desired 
joint thickness that the bricks could 
shoved tapped down into 
the required the construction 
the panels, however, was instructed 
use flat, not furrowed, mortar bed. 
With the high-suction bricks and high- 
cement mortar was not able shove 
the bricks easily into place; thus, the 
mortar bed was laid out only slightly 
thicker than the final size facilitate 
setting. 

The length mortar bed laid out 
advance setting bricks was left 
the bricklayer’s preference. With the 
high-suction brick usually laid out 
mortar for only one brick time; 
with brick and 
mortar again usually laid out mortar 
for one brick only; but with the 1:2:9 
mortar spread enough for two 
brick and both mortars, laid out 
mortar for two three bricks and often 
for the full panel width five bricks. 
This brick was slippery the mortar 
bed and out position easily 
the shoving bricks. 
Brick required excessive amount 
tapping into position because the 
rapid consolidation the mortar when 
the brick came into contact with it. 
The medium-suction brick appeared 
easily placed either mortar. 
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was customary for the 
tap all the types bricks with the 
trowel when setting them the mortar, 
but much more tapping 
needed when the high-cement mortar 
was used. Tapping 
peared open vertical joints small 
amount, because slight horizontal 
movement the bricks, and some 
appeared the mortar bed 
when laid, creating wedge-shaped 
void between mortar and brick the 
This was particularly noticeable 
with the wide brick. 

Full bed joints and full exterior 
vertical joints were used, the latter 
case the end the brick 
with amount mortar before 
was laid. the and 12-in. walls, 
vertical joint separated the 
layers bricks, and bricklayer 
attempted fill this joint “‘slushing”’ 
mortar from above, working down 
cutting vertically with the trowel. 
Two panels broken accidentally 
vealed that these joints were almost 
always incompletely filled and contained 
large voids. The method attempted 
for filling them therefore was not effec- 
tive. 


Effect Outdoor Exposure 
Moisture Penetration 


After the first leakage test, many 
the panels were stored out-of-doors for 
more, then retested determine 
the effect weathering their moisture 
penetration properties. most cases 
there was improvement resistance 
One panel was slightly more permeable 
change moisture penetration proper- 
ties was not appreciable. 

Panels the low-suction brick 
which were highly resistant the orig- 
inal test were the same 
Panels bricks and with both 
mortars, were less permeable 
second test. Slightly greater leakage 
occurred one the concrete brick 
panels result exposure. 


Summary and Conclusions 


depending the brick and mortar 
combination; the suction clay and 
shale bricks and the mortar composi- 
tion were important factors, confirming 
the results studies made elsewhere. 
For concrete bricks, however, 
the influence mortar composition 
was not clear. 

The tests indicated that moisture 
penetration was associated with the 
mortar-brick interface. Although mois- 
ture penetration through 
took place with some types bricks, 


the major amount leakage appeared 
8-in. panels tested the header courses 
contributed greatly the early 
age the panels. 

Information was obtained for one 
type brick the effect wall 
thickness moisture penetration, and 
the effect the air-pressure dif- 
ference across panel its leakage 
rate; both these factors had 
appreciable influence leakage. 

Observations made during panel con- 
struction showed that the bricklayer’s 
technique varied adjust changes 
the properties the materials, 
resulting substantial differences 
mortar flow, tapping bricks, and mor- 
tar “‘spread out” for the various types 
bricks and mortars used. 

Outdoor exposure panels for two 
more winters did not have any ap- 
preciable effect moisture 
for the materials used. More extensive 
studies made elsewhere (6) the effect 
weathering moisture penetration 
solid brick walls have given similar 
results. 

The studies reported this paper 
are preliminary and the 
scope the investigations only broad 
enough indicate the importance 
some factors influencing moisture pene- 
tration brick masonry. Further 
studies are being made the Division 
Building Research some these 
factors. 
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High-Temperature, Vacuum, Axial Fatigue 


Testing Machine 


This paper describes equipment developed test thin-walled refractory 
metal specimens vacuum under repeated axial load temperatures 
2500 The machine the constant-displacement type with 
eccentric and crank mechanism for varying the alternating stress, mean 


stress, and frequency cycling. 


Stresses the specimen are easily 


calculated from P/A, where the axial load measured ring 


dynamometer and the cross-sectional area the specimen. 


The thin- 


walled tubular specimen heated internal tungsten heating element. 
The evacuated test chamber completely visible through pyrex bell jar 


seated O-ring seal. 


Axial load transmitted into the vacuum cham- 
ber through copper alloy bellows. 


Preliminary results are given 


fatigue tests commercially pure arc-cast molybdenum specimens sub- 
jected fully reversed stresses 1700 and 875 cpm. 


THE INTRODUC- 
TION the jet engine, there has been 
ever-increasing demand for materials 
capable withstanding higher tem- 
peratures and higher 
gineering trends both new and old 
fields call for higher operating tempera- 
tures and stresses order increase 
quirements far exceed material capa- 
bilities. the present time the pre- 
dominant high-temperature metals are 
nickel-, cobalt-, and chromium-base 
These alloys have 
reached their peak working tempera- 
tures, which are limited their melt- 
ing and recrystallization temperatures. 
Since the recrystallization temperature 
usually the maximum working tem- 
perature for metal, the metals with 
high recrystallization and melting tem- 
peratures—the refractory metais—are 
receiving the greatest attention the 
development alloys capable with- 
standing temperatures above 1700 
One the greatest obstacles the use 
the refractory metals oxidation. 
Molybdenum, 
ten, which are receiving the most at- 
tention, are not oxidation-resistant 
the desired working temperatures. 
However, coatings and alloys may 
found that will reduce eliminate 
oxidation problems. 


NOTE—DISCUSSION THIS PAPER 
INVITED, either for publication for 
the attention the author 
dress all communications ASTM Head- 
quarters, 1916 Race St., Philadelphia Pa. 


boldface numbers parentheses 


refer the list references appended 
this paper. 
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ical properties the refractory metals 
under nonoxidizing conditions, tests 
may performed inert atmos- 
phere vacuum. Many high- 
temperature tests have been made with 
presently developed 
imens and parts, but most strength tests 
rupture phenomena (1, 
determination fatigue properties lags 
drastically behind the determination 
fatigue data refractory metals 
minimum because commercial fatigue 
testing equipment capable isolating 
test specimens from oxidizing atmos- 
pheres not available special 
fatigue equipment has only recently 
started developed, 


SINCLAIR research professor the Department 
Theoretical and Applied Mechanics the University 
has been member ASTM Committee E-9 
Fatigue since 1949, and has contributed numerous articles 
the fatigue and fracture behavior metals. 
years has turned his attention special problems asso- 


Illinois. 


ciated with refractory metals. 


Other High-Temperature, 
Fatigue Equipment 


Vacuum, 


Danek and Achter (4) have described 
high-temperature, vacuum, fatigue 
testing apparatus, developed 
which thin sheet specimens 
brated resonant frequency reversed 
Their were carried out com- 
pact vacuum chamber pressure 
transmitting motion into the vac- 
uum chamber was solved magnetic 
coupling driven the 
quency the test specimen. While this 
apparatus simplified attainment 
vacuum, had several disadvantages: 
(1) mean stress other than zero could 
not obtained, (2) the frequency was 
restricted the resonant frequency for 
the specimen and grips, (3) the resonant 
stress amplitude was difficult con- 
trol within narrow limits, and (4) 
stress calculations were difficult. 


Object 

This paper describes versatile, 
high-temperature, vacuum, fatigue test- 
ing machine and also reperts preliminary 
high-temperature fatigue 
molybdenum obtained with this equip- 
ment. 


RALPH STEPHENS received his B.S. General Engi- 
neering, 1957, and his M.S. Theoretical and Applied 
Mechanics, 1960, from the University Illinois. 
past three years has been instructor Engineering 
Graphics and Theoretical and Applied Mechanics the 
University Illinois. 
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Description Machine 
Machine Capabilities 


Figures and show complete 
working arrangement 
the machine. With this equipment 


Fig. 1.—High-temperature, vacuum 
fatigue machine. 


Flexbor 
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ffusion pump 
Mechanical 


Fore Pump 


Power Leads 


Constant 
19 oc  Voitage 
SY Transformer! | 
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Strain Gage 
Indicator 


Fig. 


Z Vertical Fiex bari 


Schematic layout machine. 


quencies and temperatures 2500 
under completely reversed stress, and 
also under alternating stress super- 
imposed either tensile compres- 
sive mean stress. Therefore, data can 
obtained 
conditions ranging from predominately 
creep (low alternating stress amplitude 
and high mean stress) that pre- 
dominately fatigue (high alternating 
stress amplitude and zero mean stress). 
The heating element limits the tem- 
perature 2100 but since tungsten 
heating coil used, the maximum 
operating temperature can increased 
with modifications the coil support. 


Loading Facilities 


The maximum working load for the 
machine +2000 permits 
tional area 0.02 sq. in, subjected 
psi. The machine the constant- 
displacement type; the motion, 
load, applied the specimen through 
horizontal level arm and adjust- 
able connecting rod eccentric 
(see Figs. and 3). The eccentric 
driven 1750-rpm, constant-speed 


Bell Jor 


Specimen 


Optical Pyrometer 


Vacuum 
Gage 


Motor 
Microswitch 
Lood Cel! Eccentric — 


Crank 


Turnbuckle 


Fig. arrangement. 


motor through pulley arrangement 
allow the load frequency varied. 
turnbuckle the connecting rod can 
adjusted compensate for thermal 
expansion the specimen 
also conjunction with the 
adjustable eccentric establish the 
minimum, and mean stress 
levels. 

The load transmitted the spec- 
imen through flex-bar 
(Fig. and ring dyna- 
mometer. The dynamometer measures 
the applied load and consists four ac- 
tive SR-4, type AD-7 electrical resistance 
strain gages which are fastened 
thick-walled ring shown (Fig. 
Findley (5) axial-load 
fatigue testing apparatus designed for 
room-temperature fatigue tests which 
was used basis and guide design- 
ing some the mechanical features 
this machine. 


Specimen Alignment 


All the parts the testing apparatus 
were carefully machined minimize 
misalignment. Two mutually 
pendicular horizontal adjustable 
bars outside the vacuum chamber and 
one horizontal adjustable flex bar inside 
the vacuum chamber maintain the ac- 
tion line the load and the displace- 
ment the proper planes. The brass 
base plate which supports the upper 
gripping system and the bell jar can 
adjusted the proper location be- 
fore being bolted down. Since the thin- 
walled tubular specimen has 
outside diameter, the alignment prob- 
diameter solid specimens. 
operating temperature 
the demand for highly critical align- 
ment. 


Fig. 4.—Upper support 
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was possible insert and remove 
the threaded specimens both grips 
with only finger motion, except for the 
final Jocking and the initial unlocking. 
This indication good alignment. 


Specimen Grips 


Figure shows the method holding 
each end the specimen screws into 
the upper and lower grips, and 
Stainless steel lock nuts, and 
lock the specimen the grips. Lock 
nut secures the lower grip the 
vertical shaft, which transmits the load 
the specimen. The upper grip, 
horizontal support plate, 
in. diameter hole along the longitudinal 
axis throughout the length the upper 
grip allows space and guide for the 
heating element supports. The brass 
washers, and and the brass flange, 
compensate for the large thermal 
expansion the upper grip which tends 
loosen nuts and 


Vacuum System 


The vacuum produced con- 
ventional mechanical 
air-cooled diffusion pump, and cold 
trap surrounded liquid nitrogen 
when needed. The test chamber 
formed pyrex bell jar seated 
O-ring seal embedded 1-in. thick 
brass base plate. The glass bell jar 
allows the entire test visible, which 
permits the use optical pyrometer 
vacuum Philips gage tube, located 
the bottom the test chamber, and 
portable electronic Philips gage are 
used measure the 
trical power brought into the vac- 
uum through four kovar addi- 
tion the power cables, separate 
leads are brought into the system 
permit various measurements. 
imen load brought into the vacuum 
through brass bellows soldered the 
bottom the brass base plate and the 
vertical shaft. 


Temperature Control and 


The heating element (Fig. consists 
0.020-in. diameter tungsten wire 
coil diameter. The electrical-resistance 
heating element operates below 
amp and The coil wound 
threaded brass rod with threads 
per in., and supported inserting 
quartz synthetic sapphire rod through 
the windings. stainless steel con- 
nector fastened the tungsten coil 
protected from shorting against the 
upper grip inserting part the lower 
coil support into larger quartz tube. 
This outer tube also helps keep the 
coils centered the specimen and thus 
prevents shorting the specimen. 
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long quartz tube washer 
the bottom the coil prevents the 
lower coils from shorting. The com- 
plete heating element placed inside 
the specimen and grips and rests 
small tapered hole countersunk the 
top the vertical shaft which supports 
the lower grip. The maximum tem- 
perature the heating element 
limited the type coil support. 
Temperatures 2100 were reached 
with clear fused quartz support, and 
above 2500 with sap- 
phire support. 


0.090 
Stainless Steel 
Clear Fused Quartz 


All Dimensions 
*in inches 


0.020 Diam 
Coils 
Moterial: Tungsten 


Clear Fused Quartz 
or Synthetic Sapphire 


Fig. Heating element. 


The power the heating element 
controlled two variacs connected 
series for greater sensitivity. 
constant-voltage transformer 
between the variacs and 110-v, 60- 
cycle, a-c wall outlet 
perature fluctuation. 
automatically turns off the power and 
stops the loading cycles when the 
imen breaks. 

Since heat transferred from the coils 
radiation, was thought that radia- 
tion shields would have placed 
around the specimen reduce heat 
losses order obtain the desired 
elevated temperatures. was found 
that the shields were not necessary. 


‘At 1650 length about in. 


the specimen was heated uniform 
length, and higher temperatures the 
uniform temperature zone was larger. 


ti 


Undesirable heat transfer occurred 
the soldered joint the bellows and 
the vertical shaft, the kovar seals, the 
pyrex jar, and the O-ring which 
seals the bell jar. Two fans, one 
mounted the bellows and one the 
bell jar, reduced the temperature 
these parts. water path was 
into the brass base plate cool the 
seal, kovar seals, and the top 
connection the bellows. 

The temperature was measured with 
optical pyrometer calibrated 
couples into finished molybdenum 
specimen and relating the pyrometer 
reading the thermocouple tempera- 
ture. This calibration was necessary 
owing refraction the bell jar and 
also because the specimen 
approach the black body conditions 
usually assumed for optical pyrometry. 

Welded thermocouples, and thermo- 
couples held against the specimen 
tightly wrapped wire, were tried 
means measuring temperature, but 
proved unsatisfactory and there- 
fore were abandoned favor the 
optical pyrometer. 


All Dimensions 


in inches 
0.437 Diam 


Thickness Equals 
0.020 0.030 

and Should not Vary 
more than 
Throughout Entire 


Gage Length 
0437 Diam 


Fig. thin-walled tubular test 
specimen. 


Test Specimens 


The specimens tested this machine 
must tubular order insert the 
heating element. example the 
type and size specimen 
shown Figs. and The over-all 
length in., and the inside diameter 
in. The nominal wall thickness 
0.02 0.03 in., which gives cross- 
sectional area about 0.02 0.034 
in., respectively. The wall thickness 
can vary from specimen specimen 
long the thickness uniform for 
each specimen. The molybdenum spec- 
imens were machined 
diameter 3-in. long blanks. The 
inside diameter was drilled and then 
honed remove internal burrs and 
pits and form smooth internal 
finish. outside area was polished 
longitudinal direction give uni- 
form thickness and smooth external 
finish. 
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The specimen had shown Fig. straight line was 
ASTM mean grain size drawn through the mean the plotted 
ure 9(b) shows the microstructure points 1700 since gradual curved 
transverse section 0.020-in. wall- line, which might expected this 
thickness specimen after testing temperature, could not justified from 
1700 both photographs, the the data obtained. smooth curve was 
upper edge the outside surface the drawn through the mean the points 
specimen and the lower edge the in- room temperature shown 
side surface. evident that some Fig. 10, because definite fatigue limit 
grain growth occurred throughout the could not determined for the data 
section, with the greatest growth oc- obtained. The 
curring the inside surface. tigue data were obtained only com- 
limited was pare results with similar results from 
made, and therefore, not known other equipment 
whether the greater grain growth the 
Fig. specimens showing location inside surface representative all Discussion 
fracture. specimens. The machine described 
versatile, since the mean stress and 
Frequency 875 cpm frequency can adjusted 
30000 specimen the axially loaded specimen not dif- 
WEIGHT PER CENT COMMER- 
DENUM, RECEIVED. 
Fig. curve for commercially pure arc-cast molybdenum tested 1700 under 
fully reversed loads. 
Both static and dynamic stresses 


dividing the applied load the original 
cross-sectional area. The magnitude 
the load for any desired mean 
alternating stress 
from this same formula and set using 
calibrated SR-4 strain indicator con- 
nected the ring dynamometer. Some 
drift the load readings occurred dur- 
ing testing high temperature due 
creep-relaxation phenomena, and there- 
fore, the load had 
adjusted. room teinperature the 
drift was negligible. 


Results 


Figure shows S-N curve for 
commercially pure arc-cast molybdenum 
specimens tested under fully reversed 
analysis the molybdenum received 
given Table The were 
recrystallized 2250 for after 
machining. The specimen temperature 
measured with calibrated optical 
pyrometer was kept within +30 
the calibration curve. The tests were 
stopped periodically remeasure the 
loads and verify the adjustments that 


(a) After wall (b) After testing 1700 wall 
thickness. thickness. 


Fig. test specimen. Magnification reduced for publication. 


Frequency 875 cpm 
grips 


Alternating Stress,psi 


were made during cycling compensate 000 
Figure 9(a) shows the microstructure Number Cycles Failure 
transverse section 0.030-in. Fig. 10.—S-N curve for commercially pure arc-cast molybdenum tested room tem- 


wall-thickness specimen perature under fully reversed loads. 
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ficult determine, and, since specimens 
with relatively large outside diameters 
are used and high temperatures are 
present, adequate alignment 
difficult obtain. problem 
transmitting motion into vacuum was 
solved adequately means metal 
bellows. Since the axial displacement 
the bellows quite small, even for 
highly stressed specimens, the 
sibility the bellows failing fatigue 
very slight. The internal heating ele- 
ment gave very satisfactory temperature 
uniformity, but became brittle after 
one test, and great care had taken 
while removing replacing 
imens not break the coils. 


pos- 


spec- 


S-N curves for 
jected rotating bending obtained 
Brock and Sinclair (6) are included 
here (Fig. 11) give more complete 
molybdenum elevated temperatures. 

future work should possible 
monitor 
ample space available for gages, and 
electrical leads for monitoring the gages 
were installed during fabrication. 


since 
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Water Permeability Studies Latex and 


Latex Paint Films 


ROY SIMON 


have proved quite successful interior 
application and exterior applications 
masonry-type substrates, latex 
paints over exterior wood developed 
film integrity failure within 
one two years weathering. 
tensive testing determine the causes 
failure has been conducted, and latex 
paints have been designed meet the 
needs revealed the testing program. 
Successful latex paints for exterior wood 
applications are now possible. 

Our purpose discuss the testing 
program that helped the design 
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these newer paints. Exposures over 
new wood house- 
paint primers showed that 
latex paint film failure and the ex- 
tent failure relate the type 
graining the wood, the type 
wood, and the type latex system. 
Failure over new wood (types of wood 


oil-base 


Wright-Patterson Air Force 
Base, Feb., 1959 and 1960 ASTM 
Preprint No. 64. 


struction) developed with all types 
latex systems. Failure over 
polymer type. Latex with 
primer and with good 
weathering provided very durable top 


oil-base 


ROY SIMON received his B.A. Education from North 
Dakota State College 1949 and B.S. Chemistry 


1952, majoring paint chemistry. 
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coat paints. However, these same 
top coats applied directly wood show 
early breakdown the surface. the 
wood evidenced grain-line crack- 
ing and delamination the layers 
wood flat-grain areas. Adhesion and 
flexibility the latex paint 
main good, the main causes for failure 
seemed dimensional changes and 
other effects due the rapid fluctua- 
tion the moisture content the sur- 
face the wood. testing program 
was set evaluate these factors and 
find means measuring the degree 
protection which various latex sys- 
tems would provide help the de- 
velopment successful latex system 
for 

Various latex paints and oil paint 
system were applied different panels, 
some which then were exposed 
south and some Weather- 
Ometer. These latter were subjected 
various periods water spray but 
without light. Following prolonged 
rain (for the exposed panels), weight 
change was tabulated. nearly 
water-spray cycle the weather unit 
was needed approximate the weight 
gain the exterior 
weight gain among the latex-painted 
panels and between them and the oil- 
painted panels. 
the weight fluctuations this cycling 
test. 

The wet cycle was exposure 
water spray alone Atlas 
weather unit. The dry was 
long with continuous light and min 
weighed just before the water spray 
periods. 


shows 


Various clear latex and latex primer 
films were also applied wood panels 
and coated with conventional 
per cent poly(vinyl chlorid (PVC) 
latex top coat system. The same wet- 
dry cycling test was carried out and 
weight fluctuations obtained. 
results are shown Fig. 

Different latex polymer systems af- 
fected weight fluctuation markedly. 
Attempts were made 
systems showed greater 
fluctuation than did the oil-paint con- 
trols. Measurements were made the 
moisture permeability various paint 
and latex films using the conven-, 
tional vapor permeability 
with water the This investiga- 
tion has shown ‘of 
Dow latex 2647 films will decrease vapor 
permeability, particularly with the low 
per cent PVC primer shown 
Fig. 

There little correlation between 
the results this test and the degree 
strate against the effects rapid 
fluctuations moisture content during 
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wet-dry periods. The acrylic system 
provided greater protection and had 
three times the vapor permeability 
the styrene-butadiene 
styrene-butadiene latexes are 
same vapor permeability range the oil 
primer. Poly(vinyl acetate) (PVAc) 
systems have vapor permeability 


ilar that the but have con- 


Commercial Oi/ 


siderably greater gain and loss weight 
during the wet and dry cycles. The 
relation between vapor permeability 
film and moisture absorption 
through film slight that some 
other test approach necessary 
measure these separate properties. 
Several methods for determining 
moisture permeability 


House -Paint System 


Styrene - butadiene 
Lotex Paint 


Failure 


Moisture Absorbed (each division represents 


240 


360 


Time, hr 


Effect paint system 


Experimental Latex Topcoat 
Wet Cycle, 8hr Water Spray 
Dry Cycle, Light, Intermittent Water. 


Dow Lotex 2647 Primer 


Dow Latex 2647-/0 per cent 
PVC Mica Primer 


+ 


Styrene-Butodiene Lotex-/0 
per cent PVC Mica Primer 


a 
4 

a 
c 
° 
2 
Vv 
2 
re) 
a 
=] 
= 


Dry Wet 


Cycle 


Wet 


(b) Effect latex primer. 


Fig. 1.—Moisture absorption flat-grain red cedar panels. 


Experimental Vinylidene 
hioride Copolymer 
¢ mmercial 
opcoot 
Commercial Viny 
Chloride Copolymer 
Dow Lotex 566, 
Styrene - Butadiene 
Commercial Styrene 
Acryiate Copolymer 
Cow Lotex 762~-W, 
Styrene-Butodiene 
Dow Lotex Si2-K, 
Styrene-Butodiene 
Dow Latex 2647- Oper cent 
PVC Prumer 
Commercial Oil 
Primer 


Bow Latex 2647-SOper cent 
PVC Topcoot 

Oow Latex 2647, 

Acrylate 

Commercial Copolymer 
PvAc 
Commercial Copolymer 
PVAc 


Commercial Acrylate 
Lotex 
Commercial Copolymer 


Water Vapor Transmitted, per cent 24hr 


Fig. vapor transmission various latex and paint films (100 per cent 
relative humidity). 
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am ‘ 
PVAc Homopolymer Latex Paint Bee = 4 
Styrene-Butadiene Latex Primer 
Copolymer PVAc Latex Primer 
4 


x 


and latex films measurement 
liquid water permeation. first 
method similar that used eval- 
uate liquid-water permeability oil- 
methocel solution cast into glass 
plate and dried. film the test 
paint then applied. 

With oil paints, time for curing and 
given, and then moisture per- 
meability checked placing water 
the film surface and observing the 
time lapse before the cobaltous chloride 
changes color. With latex paints, the 
test method only drying the 
coated panel oven sure the 
cobaltous chloride anhydrous 
condition. 

Little difference rate penetration 
shown variations formulation 
and polymer this test. Color change 
equally influenced water vapor 
and liquid water, and there 
way determining which the two 
causes the color change. 

The second test method investigated 
measuring cups. this test, the coated 
membrane faces inside, the liquid water 
contact with the being 
measured, and rate weight loss 
those obtained the vapor permeability 
test method. Again, there was as- 
sured way differentiating between 
liquid and vapor permeation through 
the film. 

The 
was based electrical conductivity 
test. transformer used supply 
constant source. resistor 
holds the maximum current through 
per cent salt solution approx- 
imately 250 ma. Carbon rods used 
Atlas Fade-Ometer are dip coated 
the latex provide film for meas- 
urement permeability. The coated 
rod then used one electrode 
complete the conducting 
salt solution. Because conductivity 
shown only complete liquid bridge 
through the test film and could not 
affected the vapor permeability 
the film, felt that this method 
test measures rate and extent per- 
meation liquid moisture only. 

Marked differences were picked 
this method test. These correlated 
very well with the differences weight 
fluctuation similar films 
during wet-dry exposure cycling. There 
were two major problems encountered 
with this test method: (1) was dif- 
ficult get uniform 
nesses with different latex 
systems, and (2) air entrapped the 
carbon rods bubbles the films. 
The method test was revised 
illustrated Fig. the revised 
test method, drawdowns are made 
tin-plate panels using either 
wound rod casting bar assure 
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Fig. for revised electrical conductivity test. 


180 


Copolymer PVAc Dow Lotex 


Dow Lotex 5/2-K, 
Styrene -Butadiene\ 


120 + T 


90} Acrylate 


Copolymer Latex 
| ! 


30 


—Acrylic Latex, Dow Latex 2647 


Current, ma 


30 -- Oi! Primer 35m 


4 Oi Topcoat 5Omil 


Dow Lotex 2647 Clear 


(a) Clear latex films. 


726 -W, Styrene-Butodiene 


| 


| 


Initial-Unexposed 


+ 


| 
| 
+ 


Initial -Unexposed 


| | 
Dow Latex 2647, 


Oper cent PVC Primer—. 


(b) Formulated latex film. 


Fig. permeability test results. 


film 
Coated panels can dried desired 
and subjected the 
ditions. 

During the evaluation 
water transmission, plastic cylinder 
with rubber gasket ensure good 
seal clamped against the coated 
panel surface. The conducting salt 
solution placed this cylinder 
complete the electrical circuit across 
the test film. The precise time 
which conductivity starts, well 
the rate conductivity, can found 
observation the ammeter. 

Results obtained with series 


clear latex films different polymer 
compositions are shown Fig. 
Variations range from immediate con- 
ductivity the maximum rate for some 
conductivity—for week—for the Dow 
latex 2647 films. conductivity 
measurements vary with films the 
same polymer type. 

Figure 4(b) shows the effects for- 
mulation Dow latex 2647 which 
had zero permeability clear film. 
normal paint formulation incorpo- 
rating pigment dispersions, protective 
colloids, antifoamers, and preservatives 
per cent PVC level opened 
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the film, and immediate maximum some systems that are affected 

conductivity was shown. Pigmentation ultraviolet light, the rate lowering 

to-a lower PVC level, per cent very marked inia short 

with mica pigment, showed very posure period. other systems, the 

gradual permeation effect relatively slow, although ex- 

moisture through the film. posures over 100-hr 
Figures 5(a) and (6) show the effect ably give noticeable lowering. 

exposure several types polymer Exposure tests systems com- 
the formulated paints (as shown the electrical conductivity 
Fig. all exposures, the com- test) and normal latex exterior paint 
bined effects ultraviolet light and top coat have given the following results: 
water lowered the rate Protection the wood substrate 
meability. Dow latex 2647 primer 


_|_ Dow Lotex 2647 /O 


| percent PVC Primer 
Exposed -/6hr Weather 


| 
Acrylate Copolymer 
Polyocrylate Latex 


| | Dow Lotex 5/2-K, Styrene BuPddiene 


Dow Latex 2647 30Oper cent 
PVC Topcoat 


Exposed-/OOhr Weather Dow 
Lotex 5/2-K, Styrene-Butodiene 
Film Checked and Cracked- 
not run | 
Acrylate Copolymer 
Polyocrylate 
Copolymer PVAc 762-W, Styrene- Butadiene 
Dow Lotex 2647, Clear 
| Dow Lotex 2647, (Opec cent PVC Primer 


0 0) 20 30 40 50 60 
Time, min 
Fig. exposure moisture permeability. 


Fig. 6.—Comparison nonpermeable Dow latex 2647 and permeable PVAc copolymer 
system. 
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coat systems approximated that given 
oil primer-latex top coat system 
and markedly improved over that 
given pigmented latex top coat 
system (30 PVC) alone. 

system seals off, both in- 
itially and after weathering, the water- 
soluble staining components present 
red cedar, redwood, and cedar shakes. 

Comparisons are shown Fig. 
between paints made with nonperme- 
able Dow latex 2647 and very perme- 
able PVAc copolymer system. 
per cent PVC top coat applied the 
right side directly edge- 
grain red cedar siding. the center 
left area, the same top coat ap- 
plied over clear film the latex 
that was used the top coat paint. 
Both systems look good over edge- 
grain wood after exposure 
vertical south Michigan. The dif- 
ference the protection afforded 
the latex system apparent the ap- 
plications over flat-grain panels. 

The conductivity test method also 
useful determining the extent 
protection from liquid water that might 
expected latex systems applied 
over metal. and 
maintenance-type latex coatings are 
now commercially significant, and their 
resistance liquid water important 
aspect their behavior. 

Because the many polymer types 
latexes, and because different poly- 
merization techniques produce many 

within given polymer type, 
latex properties are impossible 
dict, save through accurate 
cedure. Accurate testing particularly 
necessary permit profiling the vapor 
permeability and liquid 
meability latex films. 

The conductivity test method 
tween liquid water permeability and 
vapor permeability latex 
adaptable the accurate measure- 
ment the effects formulation and 
exposure those properties. 
The test method may prove 
important tool paint formulators 
helping them predict the behavior 
latex paints over wood and over 
metal. 


ADDENDUM 


Recent revisions the test procedure 
include use 0.5 per cent salt solu- 
tion the conducting liquid instead 
the per cent concentration. Maximum 
current lower, but start conduction 
and rate buildup are similar. This 
change minimizes possible influence 
higher salt concentrations test 
results. second revision, recorder 
used plot conductivity versus time, 
thereby eliminating the need for 
observation during the test. 
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Determination the Thermal Stability 
Disiloxane-Base Hydraulic Fluids 


MYRA WILLARD 


EFFICIENT per- 


formance demanded high-speed air- 
craft hydraulic systems elevated 
temperature has led the formulation 
new and unfamiliar fluids. Proper 
application these fluids requires ex- 
tensive examination their properties, 
among the most important which 
thermal stability. 

There standard test for thermal 
stability hydraulic fluids. Special 
considerations such test temperature, 
duration test, susceptibility the fluid 
trace quantities oxygen and water, 
material for and design test apparatus, 
which evaluate degradation, and re- 
and repeatibility the 
test make the writing standard 
test difficult. The isoteniscope method, 
which provides for determination 
empirical decomposition point, does not 
give information about the rate ther- 
mal breakdown the severity ther- 
mal effects below the decomposition 
point test method generally 
used the sealed tube method 
variation that method. Such 
method has been adapted the British 
DERD 2487 thermal stability test (3). 
The major disadvantage this method 
the possibility misleading results 
due oxidation and hydrolysis the 
test fluid entrained oxygen and water. 
The test depends passage nitro- 
gen through the test assembly 
for min for removal these contami- 
nants. 

sealed-tube test method adopted 
Gulf Research and Development Co. 
provides for deaeration the fluid be- 
fore charging the test cell (4), but the 
subsequent introduction the fluid 
the test assembly means 
sintered glass filter leads possible 
reabsorption oxygen and water. 

the evaluation the thermal sta- 
bility disiloxane-base fluid 400 
and 450 undertaken Hughes Air- 
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disiloxane-base fluid was tested for thermal stability 
400 and 450 open glass apparatus continually flushed 
with nitrogen, and sealed stainless-steel apparatus. 
Two different methods were used remove traces water 
and oxygen from the fluid prior heat aging. 

The data indicated that flushing nitrogen through the fluid 
was not sufficient for removing traces water and oxygen 
found the fluid; however, the use vacuum and preheat- 
ing appeared remove these traces. 

The test conducted the stainless-steel apparatus was 
severe than that conducted the glass apparatus, par- 
ticula:ly 450 

The presence trace amounts oxygen and water the 
induced oxidation and hydrolysis yielding misleading 
thermal stability results. 


i 


Fig. glass apparatus used conducting thermal 
stability studies. 


ASTM BULLETIN 


ad 


MYRA WILLARD, chemist, has been with the Hughes Air- 
craft Company since has been engaged exten- 
sive laboratory evaluations hydraulic, dielectric, and heat 
transfer fluids. One her chief interests has been the 


investigation fluid thermal stability. Mrs. Willard gradu- 
ated from Immaculate Heart College, Los Angeles, Calif. 


craft Co., test method was devised 
which all oxygen and 
excluded from contact with the fluid. 
The effect the test results the 
type test apparatus used and the 
presence small amounts oxygen 
and water were investigated. 


Test Procedures 


Phase I—Thermal Stability Studies 


Two types apparatus were used. 
The first, all-glass apparatus, shown 
necked, flask fitted with 
heating mantle (2), whose output was 
the side necks the flask were inserted 
thermometer (4), and nitrogen inlet 
and vacuum connector the 
center neck was inserted 75-deg angle 
tube (6), which connected 
cooled Graham condenser (7) the 
system, but which the same time pre- 
vented volatile materials, carried the 
nitrogen stream during pretreatment 
and during aging, from returning the 
sample through condensation. Three 
traps (8, 10) connected the reflux 
condenser were provided collect the 
volatile composition room 
temperature (77 F), and —110 
respective ly 

The second apparatus, pictured 
Fig. constructed type 303 stainless 
steel, was used determine the stabil- 
ity the fluid contact with material 
similar that the actual operating 
system. The apparatus 
bombs (/), set thermostatically con- 
heating block (2), and connected 
manifold (3), which was used both 
for subjecting the system vacuum 
and nitrogen inlet. 

Two methods pretreatment were 
attempted remove all traces oxygen 
and water before heat aging. 

Water pump nitrogen, dried 
passing through magnesium perchlorate 
desiccant, was bubbled threugh the 
fluid sample the test assembly heated 
200 for least hr. cases 
where samples were taken 
viously opened containers the pretreat- 
ment was continued for hr. With 
continuous nitrogen bubbling 
rate bubbles per sec the tempera- 
ture was raised over period the 
test temperature. 

The fluid sample was subjecied 
min room temperature, and for 
additional min 125 Dry nitro- 
gen was bled into the system for pressure 
equalization, bubbled through the sam- 
ple for hr, and with continuous nitro- 
gen bubbling, the 
raised over period the test 
temperature. 

Samples the fluid (200 each) 
were exposed 400 and 450 under 
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ments 305 until deteriora- 
tion equal change viscosity 
greater than per cent 
trogen was continually bubbled through 
the test sample the glass apparatus. 
Since the stainless-steel bombs could 
sealed, nitrogen was bubbled through 
those samples during the aging period. 


500 FLASK 

HEATING MANTLE 

POWERSTAT 

THERMOMETER 

VACUUM CONNECTOR 


Phase Air and Water 
Stability 450 


Phase was investigation the 
effect the stability the fluid the 
presence maximum quantities oxy- 
gen and water assimilated from contact 
with air—approximately ppm oxy- 


Mg (CLO4)2 
DRYING AGENT 


75° ANGLE TUBE 

GRAHAM CONDENSER 
TRAP (77°F) 

10) TRAP NO. 


Fig. thermal stability test apparatus. 


Fig. 3.—Stainless-steel aging block. 
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gen (3.4 per 100 fluid) and 250 
ppm water. The rate deteriora- 
tion produced the presence 
small amount undissolved water was 
also studied. 

The apparatus was 
used for these studies. 
fluid (200 ml) were saturated with air 
and water bubbling 
through the samples for hr. One 
group samples was placed the stain- 
less-steel bombs, the surfaces purged 
with the nitrogen for min, and 
bombs sealed and heated 450 
specimen second group air- 
water saturated fluid 
added per cent water volume. 
These samples were shaken, placed 
the bombs, and the surfaces purged with 
nitrogen for min. The bombs were 
sealed and aged 450 for hr. 


Test Methods 

The methods used measure the 
rate and magnitude fluid deteriora- 
tion are listed below: 


Property Method 


ASTM Method of Test for 
Saybolt Viscosity 

ASTM Method of Test for 
Flash and Fire Points 
Cleveland Open Cup 


Viscosity 


Flash point 


Infrared spectra exposed samples 
and decomposition products collected 
the cold traps were prepared using 
Perkin-Elmer Model infrared 
trophotometer employing 
chloride prism. 


Results 
Phase I—Thermal Stability Studies 


was measured 
chiefly changes viscosity. Flash 
point was used second criterion. 
The change viscosity during thermal 
stress results chiefly from breakdown 
flash point indicative hydrolysis 
and decomposition 
the disiloxane base with the produc- 
tion flammable (6) 

Examination the data 
both 400 (Table and 450 (Table 
showed that the two used 
for pretreating the fluid before aging 
were not similarly effective. Simply 
flushing nitrogen through the 
apparently did not remove all the 
dissolved air water, evidenced 
the large decreases viscosity and 
flash point the exposed 
treated this manner. This effect 
was more noticeable the tests 
400 


Book ASTM Standards, Part 
p. 1059: Part 7, p. 19. 
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TABLE I.—VISCOSITY AND FLASH POI 


Viscosity 


DISILOXANE-BASE HYDRAULIC 


Viscosity Flash Point, 


Sample ante tions of at 210 F, Change, deg Flash Point, 
Test, centistokes per cent? Fahr per cent? 
No. 1 Unexposed 1 8 410 
GL Ass AP PARATUS 
No. 11.6 370 10.0 
No. 11.5 2.5 370 10.0 
No. 5 2 96 12.0 +2.0 425 +3.5 
No. 120 12.0 +2.0 375 
No. 7 2 144 11.4 —3.5 345 16.0 
No. 168 11.9 +1.0 350 
No. 192 11.9 +1.0 400 —2.0 
No. 10 2 214 11.4 —3.5 390 —-5.0 
No. 11 2 240 11.5 —2.5 375 —8.5 
No. 260 12.5 +6.0 415 +1.0 
No. 287 12.0 +2.0 410 0.0 
No. 305 12.2 +3.5 415 +2.0 
STAINLESS-STEEL APPARATUS 
No. 16 l 48 10.6 10.0 370 10.0 
No. 1.0 350 14.0 
No. 18 l 72 10.5 -11.0 100 2.0 
No. 19 l 96 9.7 18.0 400 2.0 
No. 120 10.0 15.0 105 
No. 22 1 144 9.6 18.5 345 16.0 
No. 168 22.0 310 24.0 
No 24 192 9 0 390 5.0 


a Pp retreatment: 
1. Nitrogen bubbling through fluid for at 
2. Vacuum 30 min at room temperature 
by nitrogen bubbling for 1 hr. 
Per cent change viscosity and flash point 


least. 2 hr. 


and for an additional 30 min at 125 F, followed 


were based on 11.8 centistokes and 410 F for the 


unexposed fluid. The values for the unexposed fluid actually ranged from viscosities of 11.6 to 


11.8 centistokes and flash points 400 420 


TABLE AND FLASH POINT DISILOXANE BASE HYDRAULIC 


Condi- Viscosity 


Change, 


GL ASS APPARATI 


Sample treat- Test, Change, 
ment hr stokes per cent 
No. nexposed 11.8 
2 24 10.8 ~$. 5 
2 48 11.1 -6.0 
11.1 —6.0 
11.5 —2.5 
2 120 10.6 —10.0 
144 8.8 25.5 
2 168 7.3 — 38.0 
100 5.4 54.2 
No. 100 6.7 —43.2 
STAINLESS-STE 
No. 34 1 24 8.9 —24.5 
No. 35 1 48 8.0 — 32.0 
No. 36 1 72 6.3 —46.5 
No. 37 1 96 5.9 — 50.0 
No. 38 1 24 10.7 —9.0 
No. 39 l 18 10.3 —13.0 
No. 40 1 70 9.6 —18.6 
No. 41 l 96 10.2 —13.6 
No. 9.7 17.8 
No. 10.4 -12.0 


410 


F le Change in 
Flash Point, 


Fahr Pe cent? 
ahr 


Remarks 


370 —10 

375 —8.5 
410 0.0 
395 —3.5 
405 —1.0 
400 —2.0 
410 0.0 


Sample taken from fluid can 
opened months previously. 
Sample taken from fluid can 
opened | month previously. 


EL APPARATL 


| 


370 —10 

360 —12 Fluid stored under air until 
320 — 29 sampled. 

285 —31 

395 —3.5 

415 +1.0 

420 +2. 01 Fluid stored under nitrogen 
415 +1.0 until sampled. 

385 6.1 

420 +2. 0 


@ Pretreatment: 


1. Nitrogen bubbling through fluid for at least 2 hr 


2. Vacuum 30 min at room temperature 
by nitrogen bubbling for 1 hr. 


me for an additional 30 min at 125 I’, followed 


> Per cent change in viscosity and flash point were based on 11.8 centistokes and 410 F for the 


unexposed fluid. The values the unexposed 


fluid actually ranged from viscosities 11.6 


11.8 centistokes and flash points 400 420 


the glass apparatus, vacuum- 
treated fluid aged 305 400 
suffered appreciable degradation 
except noted the flash points 
those samples aged for 48, 72, 
and 168 (Fig. 4). The decrease 
flash point these cases believed 
have been caused 


moval water from 
substantiated the fact that replace- 
ment the inefficient 
mitted the flash point return 
normal subsequently aged samples. 

Though the conditions aging the 
stainless-steel bombs were modified 
fluid-metal contact and 
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(a) Aged 400 stainless-steel appa- 
ratus. 
(b) Aged 450 glass apparatus. 
Fig. disiloxane-base hy- 
draulic fluid. 


ransmit tar 


Fig. 


4000 3000 2c 


(b) Flash point. 


fluid aged 400 glass apparatus. 


surface-occluded oxygen and were less 
controlled than the glass apparatus, 
the effect pretreatment still appeared, 
but lesser extent (Fig. 5(a)). 
The vacuum-treated sample exhibited 
viscosity decrease per cent and 
the nitrogen-flushed sample per cent 

The effect pretreatment also 
apparent the exposures the fluid 
450 the glass apparatus (Fig. 
Samples and 33, taken 
tainers originally opened months and 
month prior testing, respectively, 
and pretreated means nitrogen 
flushing through the fluid instead 
hr, exhibited after 100 aging 
viscosity losses per cent and 
per cent greater than the samples that 
had been vacuum treated. The flash 
points these samples were not meas- 
ured; however, formation aleohol was 


No nath 
Wavelength, 


80C 1600 1400 


Frequency, cm 


Wovelengtn, 4 


1800 1600 1400 


Frequency, cm” 


Infrared spectrum disiloxane-base fiuid. 


established infrared spectroanalysis 
(Figs. and 7). The alcohol was 
identified (Figs. 
and 9). 

seen samples aged the stain- 
less-steel apparatus (Fig. and Table 
II), the length time the 
mained contact with the air before 
testing affected its stability, because the 
efficiency nitrogen bubbling 
moving dissolved air and water was 
limited. Nitrogen flushing the 
pretreatment employed every case. 
However, the fluid taken from batch 
stored under air exhibited 24.5 per 
cent decrease viscosity after mere 
24-hr exposure 450 and per 
cent decrease after hr; the same 
time, the flash point decreased per 
cent. the other hand, fluid taken 
from batch stored 
showed only 13.6 per cent decrease 
viscosity and change flash point 
after 96-hr exposure 450 Flash 
point data for these cases suggest that 
water well oxygen was responsible 
for the rapid deterioration the 
former samples. 

While large differences fluid sta- 
bility were evident result the 
two storage conditions, such dif- 
ference stability was noted 450 
when the fluid stored under nitrogen 
prior sampling was pretreated 
both procedures (Fig. effects 
storage conditions, pretreatment, 
and apparatus are summarized below 
and Table 

With storage under nitrogen and 
pretreatment vacuum, tests carried 
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Fig. spectrum disiloxane-base fluid aged 450 for 100 after nitrogen preflush (sample 32). 
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Fig. hydraulic fluid 
aged 450 stainless-steel apparatus. 


rogeny 
Pretreated by Vacuum ond 


Nitrogen Flush 


amples Stored Under Ni troger 


Pretreoted by Nitrogen Flush 


Fig. disiloxane-base hy- 
fluid aged 450 stainless-steel 
apparatus. 


out stainless steel produced greater 
viscosity losses 
aging. 


than those out 


The apparently 


(TP 200) 
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Infrared spectrum 2-ethylbutanol-1. 
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cy, 
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Fig. 9.—Infrared spectra volatile products disiloxane-base fluid collected during aging 400 and 450 


STABILITY DISILOXANE-BASE HYDRAULIC FLUID EXPOSED 


SEVERAL TEST CONDITIONS 450 


Sample No. 


96-hr Exposure 
42 41 37 


Exposure 
26 43 39 35 28 


Storage conditions 


Test apparatus 
Pretreatment 


Viscosity loss, 


per cent 


@ Exposed 100 hr. 


> Stainless steel. 


Fig. 12. 


osity ot 2/0 F, 
entistokes 


c 


,deg Fohr 


Flash Paint 


Nitro- Nitro- Nitro- 


Glass 


Vac- 


Nitro- Nitro- Nitro- Air Air 
gen gen gen 
Glass SS? 


Vac- Vac- N 


uum uum 


gen gen gen 


Vac- N 


uum ‘lush 


SS? Glass 


uum Flush 


2.9 17.8 13.6 50 


O Samples Stored Under Nitrogen; Pre- 
treated by Vacuum and Nitrogen Flush 

Water before Aging 


rand 


} Samples Saturated with Air and Woter 
+\per cent Undissolved Woter Added 
before Aging 


+ 


© Samples Soturoted with Air cand Water 
before Aging 
+ Samples Saturated with Airand Woter 
+\| per cent Undissolved Water Added 
before Aging 


20 40 80 
Aging Time, hr 


(b) Flash point. 


(a) Viscosity. 


Disiloxane-base hydraulic fluid aged contact with air and water 450 


stainless-steel apparatus. 
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TABLE IV.—VISCOSITY AND FLASH POINT DISILOXANE-BASE HYDRAULIC 
FLUID AGED 450 THE PRESENCE OXYGEN AND WATER. 
Viscosity 
210 
centistokes 


Conclusions 


vacuum treatment followed 
nitrogen flushing for was more 


Viscosity 
Change, 
per 


Change in 


Pre- Conditions . 
Flash Point, 


treatment@ of test, hr 


Flash Point, 


Sample - 
deg Fahr 


per cent? 


No. 44 
No. 45 
No. 46 
No. 47 
No. 48 
No, 49 
No. 50 


| 
| 
| 
| 
| 


— 24. 
—31.é 
—40 
—44 
—21. 
— 36.5 


Pretreatment: 


Fluid saturated with air and water. 


Fluid saturated with air and water plus per cent gross water added. 
Per cent change viscosity and flash point were based 11.8 centistokes and 410 for the 


unexposed fluid. The 


cosity exhibited sample 
over sample was due, explained 
before, small contamination the 
with water during 
aging sample 26. 

When the fluid had been 
under prior sampling, 
there were little differences the 
viscosities samples aged 
treatment vacuum nitrogen 
bubbling. This was true after both 

Nitrogen flushing alone was in- 
sufficient for removing all the oxygen 
and water absorbed the fluid during 
storage under air. The oxygen and 
water remaining solution caused very 
large viscosity decreases after both 
and exposure and both glass 
and stainless-steel apparatuses. 

Phase Air and Water 
Stability 450 

The results heat aging the disil- 
oxane-base fluid saturated with air and 
water, with and without the presence 
per cent water, are illus- 
trated Fig. 12. Data are presented 
Table IV. 

These tests illustrate that the presence 
undissolved oxygen and water yields 
misleading 
The data show that the fluid saturated 
with water and air deteriorated rapidly 
with time 450 After only 
the test temperature there was 
24.5 per cent decrease viscosity. 
appreciable decrease flash point 


October 1960 


values the unexposed fluid actually ranged from viscosities 11.6 
11.8 centistokes and flash points 400 420 


Flash Point, deg Fohr 


1.0 2.0 3.0 
Volume per cent 2-Ethyl butanol -! 


ethylbutanol-1 the flash point disil- 
oxane-base hydraulic fluid. 


was shown that reduction this 
value required the presence 1.2 
Note the similarity 
and flash-point values those for the 
air-stored samples which 
subjected thermal stability testing 
after pretreatment nitrogen flush. 

The addition per cent undissolved 
water the fluid caused deterioration 
proceed faster rate. Formation 
alcohol was apparent within 
exposure. 


efficient removing dissolved oxygen 
and water from 
fluid than flushing with nitrogen for 
hr. Employing this pretreatment, 
the use the stainless-steel apparatu 
provided more severe condition for 
the thermal stability test than did the 
glass apparatus. the glass apparatus, 
little degradation occurred 450 
for 120 hr, whereas 
steel apparatus the same amount 
degradation within hr. 
400 the fluid was stable for the 
duration the tests both the glass 
(305 hr) and stainless-steel ap- 
paratus (96 hr). 

The consequence dissolved oxy- 
gen and water 
results was effectively shown. the 
presence ppm oxygen and 250 
ppm water, degradation 450 
began within hr. 
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Consultants and specialists corrosion, 
weathering and sunlight testing. 


4301 N. W. 7th Street 


Established 
Miami 44, Fla 1931 


Member: American Council of independent Laboratories 


Testing Laboratories and Consultants 
Write Advertising Dept. 
ASTM Bulletin for 
details your 
card may appear here. 


LUCIUS PITKIN, INC. 
ESTABLISHED 1885 
Metallurgical Chemists Consultants 
Chemical Analysis, Fire Assays 
X-Ray Emission Spectrographic Analysis 
Metallography, Testing, Research 
FULTON ST. NEW YORK 


Member: American Council of Independent Laboratories 


YARSLEY TESTING LABORATORIES 
LIMITED 


Founder: DR. V. E. YARSLEY— in practice since 1931 
INSPECTION, TESTING, ANALYSIS 
Great Britain and Europe 
Plastics, Rubbers, Adhesives, Wood, Plywood, 
Board, Insulation, Ceramics, Glass, etc., etc. 
OFFICIALLY APPROVED TEST HOUSE 
Clayton Road, Chessington, Surrey, ENGLAND 


SMITH-EMERY 


Chemists Engineers 
Sampling, Analyzing, Assaying 
Spectrography, Physical Testing 
Member: American Council of Independent Laboratories 
781 E. Washington Bivd. Los Angeles 21, Calif. 


Construction Materials 
Structural Systems 
Testing 

Researc 


THE THOMPSON LICHTNER Inc. 
Alton Place, Brookline, Mass. 


GRAHAM, SAVAGE ASSOCIATES, 


Consulting—Engineering—Research 


Electroplating and Metal Processin 
Waste Treatment and Production Problems 
urveys—Designs—Specifications 


475 York Rd. Jenkintown, Pa. 
1724 Clinton St., Kalamazoo, Mich. 


LEDOUX COMPANY, INC. 


Chemists, Assayers, Engineers 
Samplers and Weighers 
Spectroscopists 
359 ALFRED AVENUE 
TEANECK, NEW JERSEY 


Member: American Council of Independent Laboratories 


Testing Laboratories and Consultants 
Write Advertising Dept. 
ASTM Bulletin for 
details how your 
card may appear here 


Metallurgists-Chemists-Engineers 
Spectrographic Analysis 
Chemical and Physical Testing 
Metallurgical Investigations 
Boiler Water Conditioning 
Consultation Service 
9th Rising Sun Ave., Philadelphia 40, 


Member: American Council of Independent laboratories 


COMPLETE TESTING SERVICE 


Mechanica! 
Market Research 


Quality Control 
Interference Non-Food 


Electronics Product Testing 
YORK RESEARCH CORP.—STAMFORD, CONN. 


Environmentai 
Vibration 
Radio 


CONTROLLED 


YORK 


THE MOST EXPERIENCED 
FILMBADGE SERVICE 
ST. JOHN X-RAY LABORATORY 
CALIFON, NEW JERSEY 
“OUR 35th YEAR” 
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Eastman Organic Chemicals with little more little white specks that move 


Scientific Supplies Co. 
Seattle 
MU 2-3460 


Braun-Knecht-Heimann- 
Co., San Francisco 
HE 1-8800 


Van Waters & Rogers, 
Inc., Denver 
DU 8-565! 


Braun Chemical Co. 


= 


Chicago 
SP 7-2700 


Geo. T. Walker & Co., 
Inc., Minneapolis 
FE 3-3343 


Rigby Scientific Co. 
Toledo 
2-2028 


Fisher Scientific Co. 
Chicago 
co 1-1221 


Fisher Scientific-Co., 
Ltd., Toronto 
HO 1-6333 


Fisher Scientific Co., 
Ltd., Montreal 
Ri 8-8711 


Number, please 


There are some 3800 Eastman Organic Chemicals 
for the laboratory, you well know. That they 
are reliable quality ard useful their diver- 
sity beyond argument. It’s the getting hold 
them quickly you would like that has 
times the past been source of—well, never 
mind. 

From now will lot better. 
all the points represented 
substantial inventories very long list* 
Eastman Organic Chemicals are now maintained. 
Should you call when the people who understand 
Chemical Abstracts nomenclature are out 
lunch, just order Eastman number. 


There are going fewer and fewer items that have 
shipped directly Eastman Organic Chemicals 
Department, Distillation Products Industries, Rochester 
(Division Eastman Kodak Company). 


*The new Eastman Organic Chemicals catalog is GREEN. 

If your copy isn’t green and doesn’t say ““No. 42,” then it isn’t 
up to date. Many changes are incorporated in Eastman Organic 
Chemicals List No. 42. A copy of it has now been mailed to every 
living soul of whose interest we are currently certain. We thought 
we had better remind you that if you haven't received the new 


Howe & French, 
Boston 
HA 6-5910 


Will Corp. 
Rochester, N. Y. 
BR 1-8200 


Fisher Scientific Co. 
New York City 
WA 4-7200 


Fisher Scientific Co. 


Fisher Scientific Co. 
Boston 
EX 5-7800 


Will-New York, Inc. 
New York City 
CY 4-3000 


E. H. Sargent & Co. 
Springfield, N. J. 
“DR 6-7050 


Fisher Scientific Co. 
St. Louis 
MO 4-2624 


Los Angeles 
AN 9-9311 


E. H. Sargent and Co, . W.H. Curtin & Co. 
; Dallas Houston WA 3-1661 
FL 2-8411 Dallas RI 7-2503 
New Orleans TU 0475 


tip for radiographers 
Little white specks have been appearing 
radiographs zirconium alloys. 
Since one the principal reasons for 
radiographing zirconium alloys the 
first for detection tiny tung- 
sten inclusions, this not surprising. 
What has surprised the radiographers 
has been that most the little white 
specks appear different places 
two successive films the same part! 
even two films made the same 
part simultaneously 

Upon turns out that 
the phenomenon does not contain 
enough high science worth the 


*We needn't have investigated. We could have just 
dropped off the film, scooped up our money, and 
run, tarrying only long enough to suggest that 1) 
two films be routinely made of every part and then 
compared to distinguish moving white specks from 
real white specks; and 2) somebody should do a 
Ph.D. thesis on the effect. Sales would have doubled. 


General Chemical Div. 
Birmingham 
FA 2-3601 


green one by now, its absence indicates we don’t know you 
want it. 


Will Corp. of W. Va. 
South Charleston 
8-1281 LO 


exclamation points. The moving specks 
are dandruff, cigarette ashes, lint, and 
such rubbish. help us! 

The junk gets picked when the 
customer loads the film into the card- 
board exposure holders. These often 
contain lead foils between which the 
film nestles. Besides serving filter 
modify radiation quality, the lead 
emits electrons intensify the image 
density. The junk simply casts electron 
shadows. 

destructive Testing. said that this 
specialized type radiography for 
small inclusions might well put 
cardboard under the front lead screen 
and use the lead only filter. 
also advised surgical cleanliness, dark- 
room under slight positive pressure, 
and smoking. This supplementary 


North-Strong Corp. 
Kensington, Md. 


General Chemical Div. 
Philadelphia 
WA 2-1234 : 


Pittsburgh 
EX 1-1330 


Fisher Scientific Co. 
King of Prussia, Pa. 


Fisher Scientific Co. 
Silver Spring, Md. 
JU 7-7000 


advice isn’t really necessary you 
don’t try shave exposure time 
putting the lead contact with the 
film, but sounds wholesome. Further- 
more, this line thought led the 
question why make the radiographer 
load the film into cardboard exposure 
holder his own darkroom, Why not 
for him our surgically clean, 
slight-positive-air-pressure, no-smok- 
ing factory? 

couldn’t think good reason 
why not. 

Kodak Industrial X-ray Film, Type 
(the maximum resolution type) now avail- 
able from x-ray dealers 
Ready Pack form, enclosed 
individual, disposable, 
light-tight packets. 


This another advertisement where Eastman Kodak Company probes for mutual interests 


and occasionally little revenue from those whose work has something with science 
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Bookshelf 


Laboratory Manual Soil 
Mechanics 


Second Edition; Raymond F. Dawson; Putman 
Publishing Corp., New York, (1960); 
177 pp., Data Sheets. 


Reviewed Gilbert, ASTM Staff. 


THE INTEREST and 
demand for laboratory manual this 
type has led second edition this 
publication. Originally 
the author’s laboratory classes 
notes have now been prepared for 
wide usage. 

The purpose these detailed notes 
expand the procedures found 
such standard methods those pub- 
lished ASTM and the American 
Association State Highway Officials 
order permit the student in- 
experienced 
conduct the laboratory experiments 
without additional instruction. Addi- 

tional tests not covered standards are 
also included the contents. 

Professor Dawson active member 
long standing ASTM Committee 
D-18 Soils for Engineering Purposes. 


Books reviewed here are furnished publishers knowing the broad inter- 
ests ASTM. Occasionally reviews are prepared ASTM Staff members, but most 


cases, the books are reviewed by Society members or other individuals who are well informed 
the subject hand. Members who wish considered for reviewing books are invited 
send their names and the subjects which they are interested. Due customs and mail- 
ing considerations, requests from the United States only can be considered. 

Copies these books are not available through ASTM; all inquiries concerning 


them should be addressed to the publisher. 


Handbook 


Edited by K. B. Woods, D. S. Berry, and W. H. 
Goetz; McGraw-Hill Book Co., Inc., New York, 
N. Y. (1960); 1696 pp.; Illus.; $25. 


Reviewed Gilbert, ASTM Staff. 


government and now well advanced 
its development and actual construc- 
tion, has given greater emphasis than 
ever highway engineering. The 
magnitude this field construction 
almost beyond imagination 
effect the national economy. The 
volume materials and products, the 
manpower employed, the improvement 
transportation facilities, all adds 
staggering amount. 
The need for comprehensive hand- 


book modern highway engineering 
has been long-standing. The prepara- 
tion such handbook represents 
tremendous amount effort and time 
the compilation engineering data 
covering the essential features opera- 
tion, design, and construction high 
ways. not surprising note the 
size such handbook now prepared 
and published under the direction 
Prof. Kenneth Woods, head, School 
Civil Engineering, Purdue University, 
editor-in-chief, and his two associate 
editors: Donald Berry, professor 
civil engineering, Northwestern Uni- 
versity, and William Goetz, 
engineer, Joint Highway Research Proj- 
ect, Purdue University. 
have accomplished this task com- 
(Continued page 64) 


THE ELMENDORF TEARING TESTER 


THE STANDARD THE WORLD FOR TESTING TEARING STRENGTH 


than any other test used. 


The Elmendorf Tearing Tester 
entirely independent 
the human element. dead 
weight test, the instrument 
constant its indications 
gravity. The Elmendorf 
ing Tester gives the same re- 
sults for like materials under 
like conditions anywhere 
the world. 


Simplicity operation and reproducible results are few the reasons why the Elmendorf Tearing Tester 


World Standard Material Testing. 


Elmendorf Tearing Tester. 


Many test methods and specifications are written around the 


Among these are 414 m-49, ASTM 689-44, ASTM 751-52T, 


ASTM 1424-56T, Federal Specifications Federal Specifications UU- 31, Association 
American Railroads Rule 41, and Packaging Institute Paper 7t-49. 


THWING- 


5339 Pulaski Avenue 


The Elmendorf Tearing Tester 
measures the resistance 
tearing paper, textiles, 
coated foils, 
films, etc. The 
tear test tells more about the 
wearing quality meterials 


INSTRUMENT COMPANY 


Philadelphia 44, U.S.A. 
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The RADAC Model 
latest addition Budd’s expanding line 
specialized equipment for quality control 
two-channel electromagnetic in- 
strument that brings new versatility, sensi- 
tivity, selectivity and speed the nondestructive testing 
metals and metal products. Combining the principles 
Fourier analysis and phase analysis for the first time, 
the RADAC’s flaw detection channel ignores internal 
stresses, dimensional variations and variations physi- 
discontinuities. Its second, absolute channel, comple- 
menting the first channel, selectively sensitive such 
variables diameter, wall thickness, eccentricity, 
coating and plating thickness and physical properties. 


Simultaneous two-channel operation obtained from 
single sensing head, and both outputs can recorded 
the same time with dual channel oscillograph 
recorder. Focused field test coil sensing 
another exclusive RADAC feature increase the 
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... eddy current inspection unit 


information content the test signal properly 
shaping the electromagnetic field, providing excep- 
tional sensitivity and ability resolve variables. 

The wide choice test frequencies available with 
the RADAC covers the range from kilocycle 
megacycles. Test coils include OD, ID, area probe and 
microprobe types. Frequency change boards and test 
coils are supplied plug-in units for fast changing, 
making the RADAC highly flexible tool for both 
surface and deep inspection flat stock, bar stock, 
tubing and varied other shapes. Punched 
gramming available single-channel RADAC Model 
440, enabling RADAC inspection applied under 
production line conditions semi-skilled personnel. 
For detailed description, write for 


Other outstanding test equipment from Budd/Metrol: 
Model 810 Electromagnetic THICKNESS 
Model 910 HEATCHECK for alloy identification 
both fully transistorized and portable. Ask for 
IM-1001 and 1002. 


THE BUDD COMPANY 


Consult your phone book for sales offices in: Atlanta, Ga.; Oak Park, Detroit, 
Mich.; Seattle, Wash.; Dallas, Tex.; Los Angeles, Calif. 
Canada: Budd Instruments, Ltd., 170 Donway West, Don Mills, 


FOR FURTHER INFORMATION CIRCLE 772 READER SERVICE CARD 


P.O. Box 245 Phoenixville, Pa. 
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you find cracks and 
hidden surface flaws 


metals 
in¥ plastics 
ceramics 
glass 


minutes 


use dye system for 
inspection after any metal-working 
forging, welding, grind- 
ing, drawing, shearing—the 
gamut operations. PiXchek equally 
adaptable single part quantity-run 
inspection. 


Everything you need 
this handy flaw-hunting kit 


Sturdy steel hinged case with aerosol spray cans of PIXchek 
Dye, Cleaner, and Developer, plus extra cans of Dye and 
Cleaner for brush and wipe-on applications. The coupon 
below can start you flaw hunting right away. 


PICKER X-RAY CORPORATION 
25 So. Broadway, White Plains, N. Y. 


Please ship PIXchek Kits @ $35.00 


Name Title 


Company. 


Address 


City. State 


Purchase Order No. 
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mendable manner and have developed 
book containing all 
formation. 

This handbook has been prepared for 
practicing highway engineers, highway 
administrators, consulting engineering 
firms, materials producers, planners, 
and undergraduate 
and graduate students civil engineer- 
ing. 

The four main parts cover administra- 
tion and finance; engineering charac- 
teristics soils and soil testing; con- 
tracts and specifications; and geometric 
design. There are all 
each written leading specialists. 

Special reference should made toa 
very extensive section Professor 
Woods dealing with the “Distribution 
Soils North Much this 
published for the first time, and 
based Professor extensive 
studies and widespread travels. Several 
maps supplement the text. 

The book with extensive 
lists references the data 
has been condensed into useful tables. 
There very detailed subject index 
most helpful book this size. 


Handbook Filtration 


The Eaton-Dikeman Co., Mount Holly Springs, 
Pa., (1960); 


Reviewed Wilson, National Bureau 
Standards. 


THE AIM this book 
well the Foreword 
follows: 


“More exacting demands perform- 
ance have combined with improved 
analytical techniques focus renewed 
interest upon the 
Theoretical analysis and the applica- 
tion new tools and methods have 
broadened understanding what has 
become important aspect modern 
science and living. This handbook 
provides survey the latest develop- 
ment paper filtration and demon- 
strates how science 
are contributing even this 
art. 

“Although many qualities 
described .indefinite terms, 
fundamental research investiga- 
tions are beginning disclose quanti- 
tatively some the obscure variables 
which influence the characteristics 
filter paper. Fora fuller comprehension 
the nature these variables, this 
qualitative 
analysis the filtration operation.”’ 

This book assembles one place 
large amount information value 
viduals with industrial filtration prob- 


process. 


methods for the evaluation filter 
papers. Some these methods have 


never been described the literature. 
The chapters retention and perme- 
ability are well presented, and contain 
practical and theoretical informa- 


tion. The discussion the relative 
merits cotton and wood pulp fibers 
for making filter papers especially 
interesting. section industrial 
mentary description the operation 
the filter press. 

The book well arranged and at- 
tractively bound. The authors empha- 
size that subject periodic revision 
and expansion. 


BRAB Reports Federal Housing 
Administration 


Prepared and edited by Staff, Building Research 
Advisory Board, National Academy of Sciences— 
National Research Council, Washington, 


Adapted from 


SERIES reports pub- 
lished the Building Research Ad- 
visory Board provide very interesting 
and informative reading those con- 
cerned with building construction and 
maintenance. The result technical 
studies conducted for the Federal Hous- 
ing Administration, the reports repre- 
sent the voluntary highly 
qualified individuals the field build- 
ing technology. 

Several these reports 
below, representing portion the 
entire group reports published 
date and available those interested. 
These are: 


Design Criteria for Residential Slabs-on- 
Ground; Publication 657; $2.00. 

The Use Grade Boards Individual 
Household Absorption Field Trenches; 
Publication 506; $1.50. 

Transmission Moisture 

Publication 


Controlling 
Through Slabs-on-Ground: 
596; $1.50. 
Underground Heat Distribution Systems; 
Publication 660; price noted. 
Selec/.cn and Maintenance of Aw Filters; 
Publication 703; $1.50. 
Protection Slab-on- 
Construction and Habitable 
Publication 707; 


Ground 
Spaces Below Grade; 


$1.50. 


Solids 


Edited Frechette; John Wiley Sons, 


Inc., New York, (June, 1960); 536 pp.; 
$15. 


Adapted from publisher's description. 


EX- 
CHANGE of some moment took place in 
September, when small group 
talk each other about their research 
ference was jointly sponsored the 
National Academy 
Council, Committee Solids, 
and the Air Force Office Scientific 
Research, and the fourth such 
conference 
conferences covered Phase Transforma- 
tions Solids (1948), Imperfections 
Nearly Perfect Crystals (1950), and 
Structure and Properties 
Surfaces (1952). 
The 1958 Conference Noncrystal- 
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line Solids brought together leading 
investigators several 
interested determining the domain 
the term solids,” the 
structure such solids, the methods 
capable disclosing their structure, and 
the basis for finding, explaining, and 
deriving their properties. 

The conference papers the 
discussion attest the current extensive 
progress characterizing amorphous 
structures. They create common 
ground for dealing with phenomena 
and fundamentals distinctly different 
materials such glass, evaporated 
films, and plastics. They also shed 
light the character and properties 
chemically glasses (for example, 
sulfur versus silicate glass). 

From theoretical practical 
standpoint, this book serves two im- 
assesses the methods 
and the results far obtained 
grossly distorted structures, including 
those which can longer recognized 
crystalline; and makes available 
the specialist body references from 
other fields, which would otherwise 
prove elusive. 


High-Speed Testing, Vol. 
Interscience Publishers, Inc., New York, N. Y., 
(1960); 112 pp.; $5. 


(A symposium held at Boston, Mass., December 8, 


Reviewed Robert Burns, Materials Advisory 
Board, National Research Council. 


THIS LITTLE BOOK has 
somewhat complicated 
There are the Authors, course, with- 
out whom book would rather 
difficult breed, any system 
genetics. Then there are the Contribu- 
tors, and the Co-chairmen the Sym- 
posium, and the Sponsors, 
Publishers, and heaven knows what else. 
But the book did get published, and 
good one that. Furthermore, addi- 
tional volumes are planned. 

Professor splendid introduc- 
tion explains straightforward language 
the difficulties high-speed testing, and 
points out that inevitably 
headlong into the 
brittle fracture, which know 
little. Seven the following papers 
cover testing techniques and resulting 
data such materials plastics, 
rocket fuels, packaging materials, tex- 
tile yarns, titanium, and the perform- 
loading. eighth paper treats the 
theory and practice stress relaxation. 
Future volumes will cover other ma- 
terials. 

reviewing symposium covering 
broad and largely unrelated areas one 
must expect certain lack continuity. 
However, careful reading, and the 
volume deserves other, discloses 
several 
through the fabric. Perhaps outstand- 
ing the general adoption, approaching 


(Continued page 75) 
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LABORATORY TUBE FURNACES 


For carbons and sulfurs high temperatures 


Cat. No. 

24-934 
24-944 
24-954 


ii 


FURNACE Price 
One-Tube Furnace, Model H-1-9 700. 
Two-Tube Furnace, Model H-2-9 750. 
Four-Tube Furnace, Model H-4-9 1100. 


For use with 115 230 volts, cycle, specified. 
Prices listed are Pittsburgh, Pa. 


Ask for Bulletin No. 310 


BURRELL CORPORATION 


Scientific Apparatus and Laboratory Supplies 
2223 FIFTH AVENUE, PITTSBURGH 19, PA. 
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materials engineer, 
Sperry Rand 
South Norwalk, Conn. 


Berberian, Karnig A., 
Sperry Semiconductor Div., 
Wilson Ave., 


NEW MEMBERS. 


The following members were elected from 
August September 1960, making the 
total membership ASTM 


Borst, John R., eastern representative, 
Spellacy, 


Lake Chemical Co., 
of research, 


12, 


Note—Names are arranged alphabetically—Company members first then individuals— 
Your ASTM Year Book shows the areas covered the respective Districts. 


Central New York District 

John 
Walnut Creek, 
178, Hamilton, 


1638 Main St., 
mail: Box 


For 


Chicago District 


Lester Aronberg, director 
3052 W. Carroll Ave., Chicago 


Illinois State Toll Highway Commission, The, 


| 
way and Midwest Rd., 


Fautz, purchasing agent, E-W Toll- 
Hinsdale, 


Institute Paper Chemistry, The, 


Box 498, 
Moylan, Frank J., mill representative, 
land Steel Co., 
Harbor, Ind. 
Wagner, 
Screw 
Seventh and Alabama St., 


Appleton, Wis. 

In- 

3210 Watling St., Indiana 
Richard J., project engineer, 

and Bolt Corporation of America, 

Gary, Ind. 


Cleveland District 


National Screw and Manufacturing Co., 
Howard Hopkins, assistant works 
manager and chief engineer, 2440 E. 75th 


St., Cleve 
Black, William A., 


research 


land 4, Ohio. 
assistant director 
Republic Steel Corp., 221 


St.. Cleveland Ohio. 


* [A ] denotes Associate Member. 


Dial, William R., manager, applied organic 
research, Columbia-Southern Chemical 
Corp., Box 31, Barberton, Ohio. 


Detroit District 


Pyles Industries, Inc., John Flynn, 
manager direct sales, 20855 Telegraph 
Rd., Detroit 41, Mich. 

Cue, Dale A., quality manager, Hoover Ball 
and Bearing Co., 5400 8. State Rd., Ann 
Arbor, Mich. 

Kisbany, Frederick N., director, Research 
and Development Laboratory, American 
Tape Co., 1605 Elmwood St., Port Huron, 
Mich. 

White, Francis L., glass technologist, Glass 
Div., Ford Motor Co., 3001 Miller Rd., 
Dearborn, Mich. For mail: 12147 
Manor, Detroit Mich. 


New England District 


Solar Chemical Corp., Robert 
chief engineer, Fuller St., 


Buffum, 
Leominster, 


Mass. 

Kyros, William, associate engineer, 
Corp., 201 Lowell St., Wilmington, Mass. 


New York District 


Metalchemical Commercial Corp., 
Serdarevic, president, 500 Fifth Ave., 
New York 36, 

Puritron Corp., The, N. Silver, chief engineer, 
Stiles New Haven, Conn. 


Atlas-Ometers 


Weather-Ometer® 


Give quick accurate answers the de- 
teriorating effect sunlight, weathering, 
washing and wearing materials. few 
minutes, hours, days Atlas-Ometers 
equals years normal use deterioration. 

Indispensable for speed testing 
product development and quality control 
production. Exact standardized test 
programs can repeated frequently 
required. 


Used extensively these industries: 


Clothing makers 

Printing ink manufacturing 
Plastic and coated fabrics 
Electric manufacturing 
Dyestuffs and chemicals 
U.S. Government 

Rubber products 


Automotive industry 
Consulting laboratories 
Woolens and worsteds 
Rugs and carpets 
Soaps ond detergents 
Paint, varnish, dry colors 
and many others 


Complete manual each machine request 


Atlas Electric Devices Company 
4114 N. Ravenswood Ave., Chicago 13, Ill.. 


U.S.A. 


Fade-Ometer® 
$1350 up. 
Complete with supplies. 
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$2755 up. 


Launder-Ometer® 
$875 complete with 
accessories and supplies. 


Weather testing translucent fiberglas for 
outdoor use in an Atlas Weathez,Ometer at 
the Alsynite Company of America. 


Random Tumble 
Pilling Tester Accelerator® 


$485 $890. $485. 


Corp., 

Chegwidden, 
engineer, Bell Telephone 
Inc., Murray Hill, 

Gow, Charles, plant manager, Wah Chang 
Corp., Harbhill Rd., Glen Cove, 
For mail: Redwood Path, Glen 
Cove, I., 

New York City, Department Marine and 
Aviation, Alfred Wagner, civil engineer, 

. New York 4, 


magnetic materials 
Laboratories, 


Northern California District 


Lesko, Robert J., 
Assurance Dept., 


chief chemist, Quality 
McCormick Selph Asso- 


ciates, Hollister Airport, Box 6, Hollister, 
Calif. 
Macres, Victor G., assistant professor. 


Department Metallurgical Engineering, 
Stanford Univ., Stanford, Calif. [A] 
Sullivan, Thomas X., manager, metal sales, 


Tay-Holbrook, Inc., 165 Eighth St., San 
Francisco, Calif. 
Ohio Valley District 
National Lead Company Ohio, Joan 


Hutchinson, librarian, Box 158, Cincinnati 
39, Ohio. 

Bowen, Laurence E., president, 
Equipment Corp., Box 124, 


Ind. 


Laboratory 
Mooresville, 


Philadelphia District 
AviSun Corp., Richard E. Polleck, research 


engineer, Post Rd., Marcus Hook, Pa. 


Kelly, joseph F., director of research, 
Quigley Co., Inc., 415 Madison Ave., 
New York 17, N. Y. For mail: 301 


Lansdowne, Pa. 


chief chemist, Midvale- 
Nicetown, Philadelphia 


Braddock Ave., 
Monahan, James, 
Co., 


40, Pa. 

Roberts, T. Williams, Jr., regional sales 
manager, Compudyne Corp., 400 8. 
Warminster Rd., Hatboro, Pa. 

Webber, C. E., director of research, New 


York Wire Cloth Co., 
York, Pa. 


441 Market 


Pittsburgh District 


Berner, Erling, president, Dyfoam Corp. 
Cherry St., New Castle, Pa. 
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» 


Furno, Francis J., physical testing and 
characterization development, Marbon 
Chemical Div., Borg-Warner Corp., Box 


68, Washington, W. Va. 

Mair, Beveridge J., director, Chemical and 
Petrole Research Laboratory, 
Carnegie Institute of Technology, 
burgh 13, Pa. 

Pyle, Ralph D., electric: engineer, Copper- 
weld Steel Co., Glassport, Pa. 

Siefers, H. ae Jr., manager, Engineering 
Service Dept., A. M. Byers Co., 16th Floor, 
Clark Bldg., Pittsburgh 22, Pa. 


Rocky District 
City and County of, Ward, city 


engineer, 376 City and County Bldg., 
Denver Colo. 
Emily Griffith Opportunity School, Science 


Dept., David Porter, chairman, 
and alton, Denver Colo. 
Slack, Lewis C., civil engineer, 920 
Arboles, W., Albuquerque, Mex. 
Wyoming Highway Dept., Box 931, Cheyenne, 
Wyo. 


Twelfth 


Los 


St. Louis District 

Dronberger, Dale, architect, 
Hockett, Dronberger 
Main, Hutchinson, 


Miller, 
& Arbuckle, 
Kans. 


Hiett,, 
825 


Southeast District 


Brinemen, Robert C., superintendent, 
P., Pittsburgh Testing Laboratory, Box 
1646, Pittsburgh, Pa. For mail: 140 
Belair Rd., Belvedere, 

Burton, William F., vice-president, engineer- 
ing, John J. Harte Co., Box 2192, Atlanta 
1, Ga. 

Patterson, E. L., city engineer, 
Fort Lauderdale, Fla. 
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HOW MATCH THE STRAIN 
GAGE THE JOB 


your business mechanical design, 
development testing, chances are 
good that you have used, will some 
day use, Bonded-Filament Strain 
Gages. Unique their simplicity, versa- 
tility and accuracy, they are the natural 
answer great many problems involv- 
ing the behavior materials, compo- 
nents and structures under load. 


When the need arises, however, many 
engineers without specific background 
strain-gage techniques find themselves 
unfamiliar ground attempting 
select the best gage for the job from over 
250 available types. Although im- 
portant the validity the results that 
the gage used properly suited the 
application, selection normally not 
difficult matter and depends principally 
known test conditions and the 
nature the data required. When the 
following criteria have been established, 
suitable gage type for specific appli- 
cation may readily selected from the 
SR-4" Catalog. 


4 
\ 
4 


Bonded foil gage 


ture which the test conducted 
important (frequently limiting) 
factor determining suitable grid and 
base materials. room and moderately 
high temperatures, both wire and foil 
gages are used. temperatures above 
350°F (and very low temperatures), 
foil gages must used. Some types are 
available with backing material which 
may stripped off during application, 
the grid alone being bonded the test 
area. Such gages may used 
1400°F (for dynamic-type tests). 


SELECTION GAGE MATERIALS 
BASED TEMPERATURE 


Maximum 
Temperature Base Material 
180 Paper, Bakelite, Any 
Epoxy 
250 Bakelite, Epoxy Any 
350 Bakelite Any 
600 None Constantan 
Nichrome 
1000* None backing Nichrome 
foil 
1400* None Nichrome 
only) foil 


*Limit imposed by available bonding adhesives 


tests few days) temperatures below 
150°F, paper-base gagesgre satisfactory 
and are usually more economical than 
other types. Extra-thin paper gages speed 
the curing the bonding cement for 
fast application. For longer test 
(months years), phenolic (Bakeiite) 
epoxy-base gages are usually used. 


Dual-lead-type gages, with intermediate 
lead joints, provide good fatigue life. 
For better fatigue resistance and 
mum hysteresis foil gages are advisabie. 
They exhibit combined hysteresis and 
zero shift less than 0.10% strain 
higher fatigue resistance than equiva- 
lent wire gages. 


Strain type and magnitude 
—For static strains, gages having grids 
Constantan are usually used 
600°F. For dynamic strains—particu- 
larly those small magnitude—isoelastic 
gages are often recommended because 
their relatively high strain sensitivity and 
improved fatigue resistance. Their high 
sensitivity temperature change, how- 
ever, limits usage the measurement 
vibratory strains unless appropriate pre- 
cautions can taken cancel out 
allow for this effect. When siatic strains 
high magnitude (+2% +10%) are 


geometry—Gage 
size depends primarily the test space 
available. general, the largest gage 
possible should used. The probable 
strain gradient the test area should 
also considered, since the strain gage 
essentially averages the surface strain 
beneath its grid. When the test space 
curved, foil gages are recommended, 
since they are flexible and will readily 
assume almost any continuous coniour. 
When small wire gages are used, the 
new fine-pitch, flat-grid types are gen- 
erally superior 


Strain direction—Single-grid 
gages are used when the direction the 
principal strain measured known. 
the strain field biaxial and the direc- 
tions are known, 90°, 2-element rosette 
gage may employed. When the 
field unknown, 4-element rosette 
may used determine the direction 
and magnitude principal strains. 


Output 
required gage resistance and sensitivity 


are frequently dictated some extent 


STRAIN MEASUREMENT 


DATA SHEET No. 


Rosette-type gage 


the sensitivity the measuring sys- 
tem used. Maximum gage output 
can achieved using high-resistance 
gage with maximum bridge voltage. 


Temperature compensa- 
tion gages 
are sensitive changes temperature 
well strain. This temperature effect 
the measuring gage can often can- 
celed out use unstressed 
“dummy” gage sensing identical tem- 
peratures and connected the strain- 
gage circuit. cases where dummy 
gage cannot used, some form 
temperature-compensation required. 
There are three general types tempera- 
ture-compensating strain gages available. 
Self-temperature-compensating wire 
gages—individually compensated for 
specific materials and specific tempera- 
ture ranges. 

produced from strain-sensing 
material specifically selected for mini- 
mum temperature response over spe- 
ific temperature range. 

Self-temperature-compensating foil 
gage—a recently developed grid design 
with appropriate external circuit, 
which may adjusted provide mini- 
mum temperature response any desired 
material over any temperature range. 


For Engineering Assistance 


When tests involve unusual conditions 
(e.g., high frequencies, strong magnetic 
radiation fields, etc.) necessitate 
special gage configurations, unusually 
accurate data, etc., advisable 
consult your local SR-4® Gage 
Sales Engineering Representative. 
can also supply you with information 
and specific recommendations strain- 
gage instrumentation (static and dy- 
namic), cements, waterproofing com- 
pounds, and other 


obtain free copy the latest B-L-H Strain Gage Catalog, write Dept. 4-J 


Waltham, Mass. 


SR-4® Strain Gages Transducers Force Measurement Systems 
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NEW MEMBERS 


Continued from page 66 


Snyder, Samuel, project engineer, Piper 
Aircraft ( orp., Box 1928, Vero Beach, Fla. 


California District 
Belling, Daniel H., manager, Propellants 
Group, Component Evaluation Laboratory, 
1432 Potrero, El Monte, Calif. For mail: 
505 Glen Alan, West Covina, Calif. 
Chambers, Joseph W., supervisor, materials 
and process, The Marquardt Corp., 16555 
Saticoy St., Van Nuys, Calif. 

Darling, Leroy, technical director, Lear, 
11916 Pico Blvd., Los Angeles 64, Calif. 
Fingerhut, S. M., manufacturing manager, 

Zenith Plastics Co., Box 91, Gardena, 


Calif. For mail: 923 8. Ogden Dr., Los 
Angeles 36, Calif. 

Gray, Robert D., chief chemist, National 
Seal Div., Federal-Mogul-Bower Bearings, 
11634 Patton Rd., Downey, Calif. 

Lewis, George R., quality control, Deutsch 
Molding, Inc., 21043 Wilmington, Long 
Beach 10, Calif. 

Saunders, Charles J., laboratory technician, 
Los Angeles Department of Water and 
Power, Valley Steam Plant, 9430 San 
Fernando Rd., Sun Valley, Calif. [A] 


Southwest District 


Lindinger, Joe L., president, Lindinger 
Inspection Engineers, Bex 25023, Houston 
5, Tex. 

Sprow, Donald L., metallurgist, McDermott 
Fabricators, Box 188, Morgan City, La. 

Whalen, Frank B., administrative and 


complete high temperature instrumentation 
RIEHLE Up” new research challenges 


elevated temperature ranges climb, RIEHLE TESTING MACHINES keep pace 
building systems equipment capable testing physical prop- 
erties materials high temperatures. 


RIEHLE offers you ready-to-operate systems incorporating all these components: 


BASIC TESTING MACHINE 


STRAIN MEASURING INSTRUMENTATION for atmosphere, controlled atmos- 


phere and vacuum furnaces. 


COMPLETE HIGH TEMPERATURE ACCESSORIES including furnaces, tempera- 
ture controllers, vacuum pumps and complete related instrumentation. 


You can rely RIEHLE for complete strain measuring instrumentation from 
room temperature snap-on extensometers dual range instruments and highly 
sophisticated vacuum furnace extensometers for temperatures 4000° 


Save time vital projects contacting RIEHLE now 


your requirements 


for physical testing elevated temperatures. Write Dept. AS-1060. 


CREEP AND STRESS 
RUPTURE TESTING MACHINES 


HYDRAULIC FATIGUE 
TESTING MACHINES 


HYDRAULIC UNIVERSAL 
TESTING MACHINES 
UNIVERSAL SCREW POWER 
TESTING MACHINES 


Riehle’ TESTING MACHINES 


DIVISION 


American Machine and Metals, Inc. 


TYPICAL ARRANGEMENT OF RIEHLE 
HIGH TEMPERATURE VACUUM 
FURNACE CONSOLE FOR 4000” F. 


EAST MOLINE, ILLINOIS 
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project engineer, Lone Star Boat Co., Box 
1050, Grand Prairie, Tex. 


Washington District 


Larsen Products Corp., Daniel Donovan, 
research engineer, P. O. Drawer 5938, 
Bethesda 14, Md. 

Standard Lime and Cement Co., Nelson H. 
Kehl, ceramic engineer, Martinsburg, 
Va. 

Bejuki, Walter M., assistant director, 
Prevention of Deterioration Center, 
National Research Council, 2101 Constitu- 
tion Ave., Washington 25, D. C. 

Casanova, Arturo Y., III, highway research 
engineer, Bureau of Public Roads, Wash- 
ington 25, D. C. 

Holmes, R., chief chemist, Chemical 
Laboratory, Western Maryland Railway 
Co., Hagerstown, Md. 

Maisel, William Harrison, chemist, Harry 
Campbell Sons’ Corp., Towson Md. 

North Carolina State College, Mineral 
Research Laboratory, Raleigh, N. C. 


Western New York—Ontario District 
Francisconi, Louis, process engineer, James 
Cunningham Son and Co., Inc., Box 516, 


Rochester 2, N. Y. [A] 


Outside Established Districts 

Alsmeyer, William C., vice-president, Leo A. 
Daly Co., 8600 Indian Hills Dr., Omaha 
1 4, Nebr. 

Johnson, Rodney B., metallurgical engineer, 
Rockwell Manufacturing Co., Kearney 
Div., Box 424, Kearney, Nebr. [A] 

Judson, C. J., chief engineer, Hoffman- 
University-Industrial, Box 691, Pasco, 
Wash. 


Other Than Possessions 


Royal Blast Furnace and Steel Plants, Ltd., 
Research and Control Laboratories, 
Veldheer, librarian, Ijmuiden, Holland. 

Castellot Fernandez, Alberto, consultant in 
electroplating, Vilamari 126-1°, Barcelona 
15, Spain. [A] 

Dawance, Victor, chief engineer, Societe des 
Usines Tubes Meuse, Flemalle- 
Haute, Belgium. 

Felix, Werner, Sulzer Brothers, Ltd., Dept. 
15, Winterthur, Switzerland. 

Jimenez Ruiz, Tobias, technical director, 
Coneretos Premezclados, 8. Union 
101-A, Mexico 18, F., Mexico. For 
mail: Jose MaVigil 107, Mexico 18, F., 
Mexico. 

Patterson, H., manager, dispatching, 
Trans Mountain Pipe Line Co., 400 
Broadway, Vancouver C., Canada. 

Rikles, Bernardo, director, Tecnastar 
de Ingenieria, San Martin 663, Piso 
6, Buenos Aires, Argentina. 

Sanderson, Emmerson R., president, 
Sanderson and Co., Inc., Shurdut Bldg., 
Intramuros, Box 1447, Manila, Philippines. 

Soderberg, Lennart, manager quality 
control, A. B. Svenska Metallverken, 
Finspong, Sweden. 

Suomen Standardisoimisliitto, A. Willberg, 
director, Ratakatu Helsinki, Finland. 
Tallant, John A., managing director, Phillips 
Carbon Black Co. (Pty.), Ltd., Box 862, 

Port Elizabeth, South Africa. 

Vinayaka, M. R., research officer, Concrete 
Laboratory, Koyna Hydro Electric Proj- 
ect, Government Maharashtra, Koyna, 
Maharashtra, India 


The qualities mind and spirit 
scientists 
engaged upon constant search 
for what true have proved 
one man’s very greatest 
intellectual and moral achieve- 
ments the past four five 
hundred years. 

David Lilienthal, “Science 
and 

Chemical and Engineering News, 
Sept. 29, 1958 
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FOR THE MECHANICAL AND MICROMECHANICAL 
INVESTIGATION MATERIALS AND FIBERS 


UNIVERSAL TESTING MACHINE WITH GRAPHIC RECORDING 


Curves plotted by evaluat- 
ing the damping diagrams. 
On the Nickel and Durinval 


TENSIION SHEAR BENDING COMPRESSION HARDNESS 
AMBIENT AND ELEVATED TEMPERATURES. 
MAXIMUM LOAD 5000 

INTERCHANGEABLE TER SPRINGS AVAILABLE.) 

For medium size specimens, the exceptionally accurate and 
simple operate. graphically records dia- 
grams and results added economy through the small-sized 

specimens required. 


MICROMACHINE WITH PHOTOGRAPHIC RECORDING 
TENSION SHEAR BENDING 
MAXIMUM LOAD 700 LBS. 
(4 INTERCHANGEABLE DYNAMOMETER SPRINGS AVAILABLE.) 
specially designed machine for the investigation very small 
specimens, the measures deflection through dynamometer 
spring and records photographically employing-a flawiess optical 
tripod system. 
Electronically driven and controlled, the allows derived curves 
giving data the micro-crystalline orders magnitude. 


MICROMACHINES PHOTOGRAPHIC RECORDING 
TENSION METALLIC WIRES AND STRIPS, TEXTILE FIBERS AND 

THREADS, FABRICS AND PAPERS, LOW, AMBIENT 

AND HIGH TEMPERATURES. 
MAXIMUM LOADS: 500 GR., 150 LBS., 
200 LBS. 

(18 INTERCHANGEABLE DYNAMOMETER SPRINGS AVAILABLE) 
two sizes, the and photographically record 
stress-strain diagrams through flawless optica! tripod system. 
With two tripods, one direct mounted and the other differentially 
mounted, wide test range 
Silicone Steel springs and electronically controlled 
motors make the machines fast and accurate. 


MICROMACHINE WITH PHOTOGRAPHIC RECORDING 
ALTERNATING TORSION-MAX COUPLE 0.05 kgm 

determine the fatigue limit specimen, for determination 

internal friction from the energy dissipated per and 

follow the progress fatigue function the number 

alternations the MI-5 unexcelled performer. 


THERMOBALANCE 
With mechanica! photographic recording, the applications are 
manifold. insensitive vibration and change 
ambient temperature, especially useful for the most critical 
analysis of: 
Dry oxidation metals and alloys 
Solid system changes accompanied addition loss gas 
vapor 
true chemical compounds formed when gas 
Thermal the calcination precipitates 
Drying products powder form 


MICROPENDULUM “COULOMB” 
Specially designed for specific field testing, the MI-9, through 
attenuated oscillations, determines: 
The variations internal friction metals 
anomalities metals and ferromagnetic alloys 
Changes internal friction due cold workin 
The mechanical hysteresis and fatigue metals. 


curves the magneto-elastic 
anomalities inherent to fer- 
romagnetic materials is 
clearly defined. 

The very slight decrement 
of Duralumin is so-to-say in- 
dependent of the amplitude. 


Load-deformation curves 
of flat, colorless extrud- 
ed polyethelyne, employ- 
ing a 3 kg. maximum 
capacity dynamometer. 


Detailed investigation of 
a weld made by carrying 
out Micro Shearing tests. 
A Chromium-Molybdenum 
steel welded with an 
electrode of the same 
material. 


CARL HIRSCHMANN COMPANY, INC. 
30 Pork Avenve, Manhasset, N. Y. 


Bronches: 6015 N. Cicero Ave., Chicoge 46, © 5124 Pacific Bivil., Los Angeles 58, Collf. 
Corl Hirschmann Co. of Conodo, itd., 5112 Dundas St., West, Toronto, Coneda 
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NEWS MEMBERS... 


News ifems concerning the activities our members 
will welcomed for inclusion this column. 


John Alien, formerly with The 
Atomic Energy Commission’s Oak Ridge 
National Laboratory, Oak Ridge, Tenn., 
has been appointed manager, engineering, 
nondestructive testing, Instruments Div., 
The Budd Co., Phoenixville, Pa. 


Floyd Ashlock, formerly mechanical 
engineer, McClure and Associates, Kirk- 
wood, Mo., now design engineer, 
Standard Oil Company California, San 
Francisco, Calif. 


Harry Bright, retired chief the 
analytical chemistry section, Division 
Chemistry, National Bureau Standards, 
Washington, C., received the 1960 
Anachem Award the Association 
Analytical Chemists. The 
Analytical 


Kramer and Co., Philadelphia, Pa., was 
honored his 85th birthday the Brass 
and Bronze Ingot Inst. Dr. Clamer has 
been member ASTM since 1902, 
Honorary Member and Past-President. 


Charles Commons, Jr., senior 
research fellow, Pfaudler-Permutit, Inc., 
Rochester, Previously was 
head, Ceramic Dept., Foote Mineral Co., 
Berwyn, Pa. 


Robert Crichton has resigned city 
engineer, Hood River, Ore. now 
consulting engineer Hood River. 


Alfred Fleisch has joined Flagg 
Tanning Co., Milwaukee, Wis., chief 
chemist. Formerly served the same 
capacity for Pfister Vogel Tanning Co., 
Milwaukee. 


Donald Forbes, previously director 
research, Hamilton Porcelains, Ltd., 
Brantford, Ont., Canada, now chief 
engineer, Corning Glass 
Works, Corning, 


Fredrick Glazier has joined the Sun 
Oil Co., Philadelphia, Pa. Formerly 
was vice-president, Laboratory Equipment 
Co., Mooresville, Ind. 


highway engineer for the Forest 


Service, Nevada City, Calif., was hydraulic 
engineer, Department the Army, 
Jacksonville Florida District, Neptune 
Beach, Fla. 


Hill, Aluminum Company 
America, Pittsburgh, Pa., 
August. Dr. Hill served secretary 
Materials since its organization 1958. 


Johnson, chemical engineer, 
Socony Mobil Oil Co., New York, 
Y., retired October 1960. Mr. 
Johnson continuing his membership 
the Society and Committee D-27 
Electrical Insulating Liquids and Gases, 
which committee serves recording 
secretary. 


Kenneth Kaufman, formerly super- 
visor, market research and development, 
Amoco Chemical Co., Chicago, 
now assistant director, research and 
development, Rexall 
Paramus, 


George Kimber has been elected 
chairman the board, Calcium Chloride 
Inst., Washington, had been 
president. 


Knapp, technical director, Southern 
Naval Div., Leach Brothers, Inc., 
Columbia, Miss., retired after years, 
but will continue serve consulting 
capacity. active member the 
Society since 1945, Mr. 

(Continued page 72) 


VIBRATING 


TEST SIEVE 
SHAKERS 


Removable 


tion. 


Sieve anelyses provide definite particle size, set standard for 
ideal production end maintain permanent record your 


SYNTRON Test Sieve Shakers will produce these analyses 


quickly and accurately 


Their sharp, powerful electromagnetic drive combines double 
action motion with high speed vibration (3600 VPM) minimize 
particle deterioration, induce faster separation and insure higher 


accure. y. 


with preset timer for accurate time test periods and 
rheostat for adjusting the voltage for uniform tests all samples. 
They are easy operate, easy maintain. 


Write for informative literature today. 
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The SARGENT Model 
RECORDING 


offers you— 


FULL INCH 
CHART 


ACCURACY 
MEASUREMENT 


TEN STANDARDIZED 
POLARIZING RANGES 


This new Sargent Polarograph gives you Current Ranges: 19, from .003 1.0 

large 250 (10 inches) chart and the highest standard specifications, 

accuracy and current sensitivity the lowest Polarizing Ranges, —2; —3; —4; +.5 —5; 

ment the market. Bridge Drive: synchronous, continuous repeating, reversible; rotation 

offers you optimum specifications based Chart Scale: current axis, 250 mm; voltage axis, inches equals one 


over twenty years leadership design, manu- bridge revolution 


facture and service this specialized field Current Accuracy: 1/10% 
analysis. Voltage Accuracy: 
ducibility to 1/10% and analytical accuracy to Writing Plate: 10% x 12% inches; angle of slope, 30°. 
make use this facility, the instru- Standardization: manual against internal cadmium sulfate standard cell 
ment must accurate 1/10% and chart for both current and voltage. 
space must provided for recording large Damping: RC, four stage. 
steps achieve measuring precision. strongly ball Leroy type optional. 
advise against the purchase any polarographic uppression: zero displacement control, mercury cell powered, times 


chart width, upscale downscale. 


instrument using miniature inch) charts and Potentiometric Range: 2.5 millivolts, usable general potentiometric recorder. 


low gain balancing systems the order Finish: case, enameled steel; panels, anodized aluminum; writing 

precision. plate, polished stainless steel; knobs and dials, chromium 
lated and buffed. 

minations with the Micro Range Net Weight: pounds. 

Extender. Catalog number with accessories and supplies. 


®Registered Trade Mark (Pat. No. 2,931,964) 


For complete information write for Sargent Bulletin 


E.H. SARGENT 4647 FOSTER, CHICAGO ILLINOIS 
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1960 


there 


Now has 
THERM-O-WATCH 


watchin 
ing 


write 


think 


INSTRUMENTS 
for 
RESEARCH 


and 
INOUSTRY 
CHELTENHAM, PA. 


Order Yours Today 


CIRCLE 781 READER SERVICE CARD 
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NEWS MEMBERS 


(Continued from page 70) 

served Committees Paint, 
Varnish, Lacquer, and Related Products 
and D-17 Naval Stores. 


Ladd, superintendent materials, 
Producing Dept., Pan American Petroleum 
Tulsa, Okla., now retired. Mr, 
Ladd joined the Society 1945 and 
participated the activities Com- 
mittee Steel. 


John Lyons now civil engineer, 
Esso Research and Engineering Co., 
Madison, Formerly was assistant 
professor, Arizona State 
Tempe, Ariz. 


Richard Moore, metallurgist, 
Naval Air Engineering Facility, Naval 
Air Material Center, Philadelphia Naval 
Base, Philadelphia, Pa., received Certifi- 
Merit from the Franklin Inst., 
Philadelphia, Pa., formal ceremonies 
October 19. The award presented 
meritorious inventions, 
improvements physical processes 
devices.” 


James Morgan, Jr., now associated 
with Uhl, Hall, Rich, Niagara Falls, 
had been quality control 
eugineer, Buffalo Crushed Stone Corp., 
Bowmansville, 


Donald O’Connor has been appointed 
director research and development, 
Magnaflux Corp., Chicago, 
viously was chief engineer, X-Ray Tube 
Div., Machlett Laboratories, Spring- 
dale, 


Robert Oliver, formerly manager, 
Lawrence Radiation Laboratory, Danville, 
Calif., now supervisor, nondestructive 


testing, Aerojet-General Corp., Sacra- 
mento, Calif. 

Walter Pinner, The 
Chemical Co., Cleveland, Ohio, received 
the Charles Henry Proctor Memorial 
Leadership Award, presented for the 


first time the American Electroplaters’ 
Society the Society’s convention 
Pinner was cited for the 
strength and significance his leadership 
heading the Society’s International 
Conference 1959 that enriched world 
knowledge electropiating, metal finish- 
ing, organic coating, and allied arts 
through papers delivered experts 
nine countries. 


Jobn Reinhard now president, 
Hydro Mat Linings, Inc., Ann Arbor, 
Mich. Previously was quality control 
engineer, Ann Arbor Construction Co., 
Ann Arbor. 


Emanuel Rosenblat, formerly safety 
engineer, Mt. Vernon, Y., now 
president, Arlin Chemicals, Ine., Carl- 
stadt, 


Schaefer was made corporation 
metallurgist for Struthers Wells Corp., 
Titusville, Pa. was formerly as- 
sociated with Pencoyd Steel and Forge 
Corp., Philadelphia, Pa. 


Scoville, formerly supervisor, 
Process and Product Development Labo- 
ratories, Standard Oil Company (Ohio), 
Cleveland, Ohio, has been appointed 
supervisor, Planning and Information 
Section, Commercial Development Unit. 
This new unit, established July 
concerned with investigating and develop- 
ing new business opportunities appro- 
priate the activities the company. 
Mr. Scoville has been very active 
member ASTM Committee D-2 
Petroleum Products and Lubricants, 
member its Advisory Committee, and 
has served the Society very ably other 
capacities, including long-range planning 
studies. 


Hubert Snoke, assistant 
Building Technology Div., 
Floor, Roof, and Wall Coverings Section, 


National Bureau Standards, Washing- 
ton, C., retired July after more than 
years with the Bureau. Dr. Snoke 
30-year member ASTM. con- 
tinuing his membership the Society, 
and the has served 
through the years. 


James Thompson now associated 
with the American Institute Timber 
had been structural engineer for the 
National Bureau Standards, Washing- 
ton. 


Wenk, previously manager, 
Applied Radiation 
Corp., Walnut Creek, Calif., now 


manager, accelerator applications, Varian 
Associates, Palo Alto, Calif. 


William Wildhack had been ap- 
pointed special assistant the director, 


National Bureau Standards, Wash- 
ington, One his major assign- 


ments will explore and keep abreast 
the needs industry and other govern- 


ment agencies for precision standards, 
calibration and 
measurement techniques, 


those which may require extension the 
Bureau’s capabilities. will continue 
serve advisor the Bureau’s 
activities instrumentation research and 
development. 


Elias Zolkov 
Israel Standards 


chief soils engineer, 


Shekh Munis, Tel 


‘Aviv, Israel. had been civil engineer, 
Institute 
nology, Haifa, Israel. 


DEATHS 


Bender, Stark Div., Republic 
Steel Corp., Canton, Ohio (July 1960). 
Mr. Bender represented his company 
Committee A-5 Corrosion and 
Steel. 


Fawcett, West Penn Power Co., 
Springdale, Pa. (August 1960). For 
years, Mr. Fawcett represented 
his company Committee D-9 
Electrical Insulating Materials. 


James Scott, general plant manager 
and treasurer, Scott Testers, Inc., Provi- 
(Continued page 75) 
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from HIGH VOLTAGE 
most complete line supervoltage and 


high energy radiographic equipment for 
non-destructive testing and 


EVALUATION REACTOR MATERIALS 
AND COMPONENTS 


Mev X-Rays for high-speed, precise radiographic 
examination special nuclear materials including high-density 
alloys, fuel elements, heat exchangers, pressure vessels, valves, 
control mechanisms meet rigid government inspection standards. 


Intensity 
fro 


Write for Technical 
6-30 Mev Range.” CORPORATION 
BURLINGTON, MASSACHUSETTS U.S.A. 
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*Designed for solid rocket propellant inspection. 


Complete, 

F.0.B., $ 
Las Vegas, 

Nevada 


ELECTRONIC CONTROLLER with 
matching 1/50 MOTOR 


SPECIFICATIONS 
Thyraton tube operated controller 
gives stepless operation Input: 110- 


1/50 H.P. ball bearing, right angle, light weight, 
gear head, shunt wound, motor but measuring temperature 
Reversible Armature speed 4000 mold cavities and flat surfaces, drier, calender 
R.P.M. Armature shaft extended and mill rolls, and plastic batches and extru- 
Motors gear ratios: 18, 30, 36, sions. Write for Bulletin 194-SR; illustra- 
60, 100, 300, 540, and 1120:1 in stock. tions, many applicatic ns. 


CAMBRIDGE INSTRUMENT CO., INC. 
1617 Graybar 420 Lex. Ave., N.Y. 17, N.Y. 


PIONEER MANUFACTURERS PRECISION INSTRUMENTS 
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THE PERKINS 
HYDROSTATIC PRESSURE 


For water penetration tests water proofed 
fabrics. Tests either flat cloth seams. 

Also tests bursting strength plastic films. 
Available with hand motor drive. 


Write today for full 


bE 
West 60th St. New 
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dence, and president its affiliate, 
Scott Testers Southern, Spartanburg, 
(June 20, 1960). Mr. through 
his firm, had been active ASTM 
technical committee work for many years. 


Rudolph Snyder, director, Industrial 
Testing Laboratory, Kansas City, Mo. 
(January 1959). Mr. Snyder joined 
ASTM 1940. 


David Steinman, consulting engineer, 
(August, 1960). Mr. Steinman had been 
member the Society since 1927. 


Hartwell Whitney, chief engineer, 
Electric Steel Foundry Co., Portland, 
Ore. (May 22, Mr. Whitney 
represented his company Committees 
Chemical Analysis Metals, and 
Nondestructive Testing. 


BOOKSHELF 


(Continued from page 65) 


equipment for determining 
strain-time relationship high speeds. 
Though much remains the develop- 
ment load bars, strain gages, and the 
like, responsive the millisecond and 
microsecond range for input the 
oscilloscope, least have made the 
big jump from the less-than-adequate 
testing relatively few years 
ago. 

One the difficulties studying 
book heterogenous content lack 
understanding terms. the 
specialist given area there 
problem, the reader this book 
looking for education 
testing. Therefore, highly desirable 
that units stress, time, velocity, 
spelled out first appearance; 
few years, perhaps, the high-speed 
boys can adopt some across-the-board 
standardization units. While ap- 
preciating the excellent paper theory 
and practice, this reviewer was forced 
take short course quantum me- 
the symbols. This was tough, but 
it’s the price education, it. 


Encyclopedia Electrical 
Insulating Materials 


Compiled the Swiss Com- 
mittee, Zurich 8, Switzerland, under auspices of 
the International Electrotechnical Commission; 
in English, French, and German. 


Reviewed Dochnahl, ASTM Staff. 


THE PURPOSEFUL selection 
insulating materials for electrical 
applications becoming steadily more 
number raw materials available for 
this purpose, the rapid evolution new 
electrical devices, and the variety 
requirements met. Since the 

(Continued page 84) 
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Too low? 


Too high? 
Questionable? 


so, why not consider the 
use ALINCO linear stand- 
ard Load Cells. These cells 
were designed many years 
ago and have been field test- 
for several years. Their 
excellent performance repre- 
sents genuine step forward. 
addition the linear 
standard series, ALINCO 
manufactures complete line 
load ranges from few 
pounds millions. acces- 
sories, ALINCO offers ball- 
joints and flexures which are 
required coupling devices for 
most test stand assemblies 
incorporating Load Cells. 
Send for application sheet 
describing ALINCO ball- 
joints and with spe- 
cific recommendations for 
their use all types single 
multi-component thrust 
measuring systems. 


Allegany Instrument Company 


div. textron electronics, inc. 


CUMBERLAND, MARYLAND 
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TEST STAND 
a multi-component measuring system 
complete with optical alignment 
equipment 


LOAD CELL 
available in accuracies to .05% in 
single and mul ti-bridges 


FLEXURE 
load ranges from less than a pound 
to millions 


BALL JOINT 
load ranges from 2000 pounds to 
millions 


MICRO-POSITIONER 
provides fast and accurate align= 
ment of cell in system 


Note. 


CATALOGS LITERATURE 


Testing Insulating new 
Manual G-65 methods and equipment 
for testing insulating materials has just 
been compiled. Some the wide range 
subjects covered this new manual are: 
high-voltage breakdown testing insulat- 
ing materials accordance with ASTM 
specifications; automatic rate-of-rise con- 
trol for high-voltage breakdown testing 
insulating materials; determining resist- 
ance arcing insulating materials. 

Associated Research, Inc. 6314 

Strain Gages—A new 28-page SR-4 
strain gage specification and price list, 
No. 4310-60, has been released. The 
new catalog contains price information and 
technical specifications for over 350 types 
strain gages plus complete line 
strain gage instruments and accessories 
available. 


Baldwin-Lima-Hamilton Corp. 6315 


Metal Digest, No. 
Vol. features pertinent information 
the all-new 1255 surfmet machine 
for coarse grinding metallurgical 


NEWS NOTES 


samples. Units are available for wet 
dry grinding. 
Buehler, Lid. 6316 
Gravitometer—Details about the ap- 
plications, installation, operation, and 
maintenance the new Sinclair-Cenco 
35090 continuous 
eter have been published. The gravitom- 
eter itself makes continuous 
measurements the specific gravity 
flowing liquids from within 40-deg API 
range. These measurements can used 
‘or controlling the continuous blending 
routing pipeline runs remote 
bulk storage facilities, almost any 


situation where the handling bulk 
fluids may automated. 
Central Scientific Co. 6317 


Electrodes—A new 20-page illustrated 
NH-504 giving complete 
tion arc welding electrodes, including 
specifications, chemical requirements, and 
methods estimating electrode consump- 
tion AWS and ASTM 
specifications are explained and listed for 
mild, low-allow, and stainless-steel elec- 
trodes; chemical requirements for all 
weld metals are given; 


Reliable, Consistent Test Results 


OREC 0300 Controlled Ozone Test Chambers 


REPRESENTATIVE CUSTOMERS 
UTILIZING OREC OZONE TEST 
EQUIPMENT 


Anaconda Wire Cable Co. 

Esso Research Engineering Co. 
Firestone Industrial Products 
General Electric Company 
General Tire Rubber Co. 

Goodrich Research Center 
Goodrich Gulf Chemical Co. 
Goodyear Tire Rubber Co. 
General Motors Corporation 
Phelps Dodge Corporation 
Phillips Chemical Co. 

Texas U.S. Chemical Co. 
TLARGI, U.S.C. 

Rubber Company 

Shell Chemical Corporation 


Ozone Research and Equipment Corporation 


3840 North 40th Avenue 


{ 
f 


Orec 0300 Series employ an “electronic-chem- 
ical loop feed back servo system to achieve 
and precisely maintain chamber ozone concen- 
trations. 


- 


Orec 0300 with Dynemic Stretching Apparatus. 
patent pending 


Write for illustrated 


Laboratory Supplies and Testing Equipment 


This information based literature and statements from apparatus manvfacturers and laboratory supply houses. 
The Society not responsible for statements advanced this publication. 


charheteristics mild steel electrodes are 
listed. 
Chemetron Corp. 


Vacuum 
pamphlet, 2-2, describes vacuum 


coating and equipment 
vacuum field. 
Consolidated Vacuum Corp. 6319 


Magnetic Pickup—A new 
hooklet magnetic pickups 
Bulletin CMP 
input devices selecting the pickup best 
adapted their specific needs. 

Electro Products Laboratories 


Precision 
high-speed precision balances, designed for 
small-capacity industrial weighing opera- 
tions 


all types, are 
illustrated new Bulletin No. 3414. 

The Co. 6321 


describes 
single-turn, 
suitable for missile and space age applica- 


OZONE: 


6318 


28-page 


descriptive 


designed assist 


6320 


full line high-precision, 
wirewound 
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TEST CHAMBERS, MODELS 
AUTOMATIC CONTROL SYSTEMS 
RECORDING INSTRUMENTATION 
STRETCHING APPARATUS 
MEASUREMENT INSTRUMENTATION 
GENERATORS 

TESTING SERVICE 

RESEARCH DEVELOPMENT 


Phoenix, Arizona 
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New Versatility Polarographic Analysis 


WIDE-RANGE FISHER 


Manual automatic operation 
Measures concentrations 0.01 0.00001 equivalents 
per liter 
Increased potential range (—3 volts) 


Separate polarographic cell permits thermostating 


e 
Line-operated, without tubes batteries 
« 


Accessory for amperometric titrations 


Modern electronic design has increased the the 
all-new Model Elecdropode. Its extended potential range 
makes possible the accurate qualitative and quantitative analy- 
sis greater variety inorganic, organic and biological ma- 
terials. There are polarographic methods fer trace metals 
alloys body fluids for alkaloids and antibiotics for 
oxygen, halides and many other positive and negative ions. 

Use Model Recorder makes determinations fully 
automatic and doubles the sensitivity range. The 
Amperometric Titrimeter® carries the range down 

The stable power supply requires vacuum tubes 
batteries, except reference cell. The Elecdropode runs 
directly any 115-volt, 50- 60-cycle a-c line. 

For full details, please write: Fisher Scientific Company, 
107 Fisher Building, Pittsburgh 19, Pa. B-102 


In this polarogram, 
made automatically 
with the Model 66 
Recorder, the 
Elecdropode has 
identified and 

the 
concentrations of 
five different 
metals in the same 
sample. 


FISHER 
SCIENTIFIC 


World’s Largesi Manufacturer-Distributor 
Laboratory Appliances Reagent Chemicals 


St. Washington Montreal Toronto 
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FASTER, EASIER WAY 
determine petroleum 
hydrocarbon types 


U-V CHROMATOGRAPHIC ANALYZER 


Developed specially for the ASTM 
Flucrescent Adsorption Meth- 
od, the Jarrell-Ash Phillips 


enables the petroleum analyst 


determine aromatic, olefinic, and 


saturated hydrocarbons more rapidly 


and conveniently than possible with 


existing apparatus. 


Shorter (3-foot) columns require less transit 
time; are less fragile, easier fill and clean. 


Operates under normal room lighting 
darkroom required. 


Uniform, standardized ultraviolet illumination 
twin tubes always fixed distance 
and angle. 


Boundary points mechanically recorded ink 
strip chart. 


Compact, self-contained occupies 
only 16” 25” bench space. 


Accommodates eight samples. 


Write for detailed literature and 
ASTM F-1-A method outline. 


JARRELL-ASH CO. 


Farwell St., Newtonville 60, Mass. 


San Mateo, Calif. 
Costa Mesa, Calif Detroit, Mich. Pittsburgh, Penna. 
Chicago, III Atlanta, Georgia New Brunswick, N. J. 
CANADA: Technical Service Laboratories, Toronto 
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tions, computer assemblies, calibration 
controls, servomechanisms, 
industrial control systems. 

Corp. 6322 


Column Packing kits consist- 
ing liquid phases, solid supports, ad- 
sorbents, and prepared combinations 
liquid phases and solid supports for gas 
chromatography are now made available. 
These kits contain from each 
material, which sufficient pack 
least column and more. These 
kits permit low-cost experimentation for 
determining suitable 
materials for 
raphic separations. 


Scientific Corp. 6323 


Power two-page technical 
No. 502 describing the new 
Model LDS-1500 50-w, low-distortion, 
variable-frequency power source has just 
been published. 

Krohn-Hite Corp. 6324 


Metallurgical Control 
metallurgical control and its application 
high-alloy steel castings available. The 
spectrographic analysis compared with 
conventional chemical analysis and 
outlines the benefits the steel castings 
user through increased accuracy 
analyses, production speed, and uniform 
control and dependability the end 
product. 

Lebanon Steel Foundry 6325 


fully illustrated 
catalog designed offer finger-tip 
reference the complete line 
fuges. also lists detail the rotors and 
attachments produced for each model. 

Lourdes Instrument Corp. 6326 


Electronics Testing Machines 
“Tinius Talks About the 
Electronics Testing the 
title informative eight-page brochure, 
which traces the development the 
null balance principle used 
the Selectorange indication system, well 
instrumentation. Recent developments 
automatic readout systems for printing 
ultimate and intermediate test data, 
such yield strength, and low-capacity 
load cells are also discussed. 

Olsen Testing Machine Co. 6327 

describes the Model 
strain indicator. describes unique 
circuit design which the new PIC 
indicator eliminates the time-consuming 
operations normally involved 
balancing compensate for distributed 
capacity lead wires. 


Polyphase Instrument Co. 6328 
Magnetic Memories Technical 
Bulletin 59-J describes series 3100 mag- 


netic memories, versatile coincident-cur- 
rent, random-access storage units for 
data-processing applications, with capac- 
ities ranging from 128 4096 words and 
from bits per words. The four- 
page illustrated bulletin contains full 
description, block diagram, 
chart. 

Rese Engineering, Inc. 6329 


Water heavy-duty, constant- 
temperature, water-bath shaker which 
controls temperatures within +0.5 


has been announged. Choices 
shaking patterns include stroke 
lengths—, any speed 


Research Co. 6330 


Catalog No. G-100, three- 
color, illustrated describes 
detail the systems and components 
available for the continuous indicating 
and monitoring minute changes 
dimensions for control usages. 

Schaevitz Engineering 6331 


new 
technique for hand analysis complex 
engineering data 10, 20, more 
technical literature now available. 

Engineering Inst. 6332 


Tear Tester—The torsion tear tester 
was developed measure shear strength 
tearing resistance strongly directional 
materials which are difficult measure 
other test methods. Reinforced shipping 
tape, corrugated boxboard, textiles, highly 
calendered rubber stocks, usually 
tear right angles the direction 
greatest strength. Bulletin 265 describes 
the instrument and the method opera- 
tion and gives typical applications. 

Thwing- Albert Instrument Co. 6333 
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new instrument capable 
exciting, measuring, and recording phos- 
phorescence innumerable compounds 
the Aminco-Keirs spectrophosphorimeter. 
permits excitation compounds and 
measurement resulting phosphores- 
cence throughout the and 
visible regions. 

American Instrument Co., Inc 3511 


new mode! 
Launder-Ometer which may operated 
For high-temperature dyeing, 
new high-pressure stainless 
tainers, in., may used simul- 
taneously. The containers are provided 
with fittings which permit injection 
additives during test and release any 
built-up pressure before opening. 

Allas Electric Devices Co. 3512 


Mercury new mercury 
vapor meters—Models 21, 23, and 
which provide instantaneous, direct read- 
ings the toxicity levels mercury 
vapor enclosed areas are now available 

Beckman Scientific and Process 

Instruments Div. 3513 


Incremental 
precision plotting computer-processed 
data made possible with new 
recorder. The recorder, 
converts digital information regarding the 
relative variation two functions into 
corresponding incremental motions the 
plotting paper and the plotting pen. This 
graphical representation the relation- 
ship between the two functions accurate 
within 0.01 in., the size the basic 
plotting increment. 

California Computer Products, Inc. 

3514 


Optical 
optical transducer the line fractional- 
horsepower motor testing equipment 
The purpose this trans- 
ducer obtain stable electrical pulses 
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Every LACLEDE Multi-rib Reinforcing Bar 
Marked Show SIZE and STRENGTH 


he 


“aa f 


ONE LINE 
& i 
ANUFACTURER 
33,000, 40,000, 50,000 psi 60,000 min. psi 75,000 min. psi 
ASTM ASTM (A432)* ASTM (A431)* 


Standard high strength steels* permitting greater economy and efficiency 


reinforced concrete design under the provisions the new codes 
must identified. Recognizing this need, each Laclede Multi-rib reinforcing 
bar can now completely identified size, strength and origin through 


rolled-in marking system. This assures the designer, contractor, and 
code writer that the proper grade reinforcement used the job. 


Demand these new time-saving Laclede bars for your next construction job. 


SAINT LOUIS, MISSOURI Producers Steel for Industry and Construction 
FOR FURTHER INFORMATION CIRCLE 791 READER SERVICE CARD 
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serves input source for decade 
counters and other pulse-operated tachom- 
eters. The primary advantages this 
transducer are extreme sensitivity without 
amplification, nearly flat response over 
wide frequency range, minimum 
required maintenance, and exceptionally 


The unit fitted into highly mobile 
four-wheel-drive 
Consolidated American Services, Inc. 


3517 


being 
produced quantity, data acquisition 
and recording system speeding 
tedious microscope readings number 
research institutions and universities. 
The system converts the translational 
motions along three orthogonally related 


ratings 200, 600, 800, and 
respectively. Ali iive types handle 750 

Diodes, 3521 


X-Ray indivi- 
dual sheets Kodak industrial X-ray 
film individually wrapped convenient 
packaging has been introduced. 
tight ready-packs permit easy handling 
individual sheets film throughout the 
exposure operation. 


rugged long life owing the absence axes film-scanning microscope into 3522 

vacuum coded digital data punched paper tape. 
John Chatillon Sons 3515 the three axes uses one encoder Temperature Indicator batte ry- 
assembly. These provide 1000 counts per powered portable temperature indicator 

Accelerometer—The development input shaft revolution and have total has been developed. The 


thermistor sensing probes 
having estimated life 
thousand hours. available ten 
different ranges, spanning —30 350 
and uses interchangeable probes for air, 
liquid, and surface temperature sensing. 
Fenwal, Inc. 3523 


Laboratory full line 
laboratory glassware items, clearly identi- 
Push-Pull Gage—This versatile new fied with the AEC 


100,000 counts. Accuracy 
the encoder assemblies count. 
Datex Corp. 


new subminiature 
ometer, 606, designed for use 
special shock and vibration test applica- 
tions where size and light weight are 
the prime considerations, has been an- 
nounced. The Model stainless- 
steel accelerometer only 
weighing just 1.0 permits many in- 
flight tests that could not normally 
conducted with standard-size 
size pickups. The unit has sensitivity 


3518 


Moisture Separator—The latest, 
proved apparatus for determining the 
amount moisture and fats biological 
materials has been announced. 

Delmar Scientific Laboratories 3519 


instrument does the work two separate “Caution—Radioactive now 
2.5 peak per peak and frequency compression measuring available. This positive, permanent mark- 
response cps ke., with its devices. The gives ing greatly reduces the radiation hazards 


resonant frequency 135 ke. 


readings compression leads and tension 
Columbia Research Laboratories 3516 


loads. Also, can hooked into 

system measure and control oscillating 

loads compression and tension. 
Dillon Co., Inc. 


that exist with poor makeshift 
cation methods and particularly im- 
portant the washing laboratory 
glassware, for here that most human 
classification errors are apt occur. 


Fischer Porter Co. 3524 


High-Pressure requirement 
for the use high-pressure test equipment 
(up 15,000 psi), which can taken 
any location hurry and put into work 
immediately arrival, has been met this 
new mobile equipment. 
contained unit which 
necessity assembling and moving 
cumbersome stationary-type equipment. 


3520 


Silicon new series 
hermetically sealed silicon rectifier diodes, 
featuring high stability, extreme versatility, 
miniature design, and rugged construction 
low cost, has been 
nated DI-52, 54, 56, 58, and 510, 
these diodes have peak inverse voltage 


Pressure new 
matic pressure transducer calibration sys- 
tem has been announced. The heart the 
system automatic weight handling 
device. binary coded decimal system 
used effect the automatic placing 
weights balance pan that range 
ments. 

Gilmore Industries, Inc. 3525 


The CLOUD and POUR TEST CABINET new 


with future known now available. 
Model 240—ASTM 


The can used for exposure 
measurement with any camera-microscope 
Three temperatures—three hermetic removable refrigeration 
units 


combination. This universal application 
becomes possible through the use 
instrument factor, the so-called 
which depends the type microscope 
and camera used. 


Hacker Co., Inc. 3526 


Shock Testing Machine—The develop- 
ment new shock testing machine for 
the drop testing electronic devices and 
weight announced. The machine will 
find the fragility the product itself and 
can also used test the ability 
cushioning material meet military and 
commercial specifications. 


Hardigg Industries 3527 


Guaranteed for years 


Magnetic Rototester will 
detect open-suriace flaws 0.004 in. 
more depth magaetic non- 
magnetic cold-drawn steel coiled wire 
diameter. Utilizing the advanced 
eddy-current technique inspection, the 
adjustment mounts directly the draw block, and 
*Removal type sleeves the detector unit rotates around the 

drawn wire emerges from the die. 

production speeds (approximately 200 
per min) flaws in. and longer are 
detected. 

Magnetic Analysis Corp. 3528 


*Moisture 


heated top 


sleeves plus 25-30 degrees 
sleeves Zero-plus degrees 
sleeves minus 25-30 degrees. 


Other Models Available 


KING REFRIGERATION CO. 


Refrigeration Equipment 
1336 BANCROFT TOLEDO OHIO 
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Portable Ozone con- 
centrations are accurately measured and 
continuously recorded for permanent 
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Made West Germany 


SINCE 1846 


few the many outstanding instruments 
which embody the traditions this 
famous trade-mark: 
UNIVERSAL MEASURING MICROSCOPE 


LARGE 
MICROSCOPES 


GAGE BLOCK INTERFEROMETER 
VERTICAL HORIZONTAL METROSCOPES 


LARGE SMALL OPTICAL DIVIDING 
HEADS 


CAM SHAFT TESTER 
CIRCULAR DIVISION TESTER 
ROTARY TABLE 
OPTICAL PROTRACTOR LEVEL 
OPTICAL FLATS 
INTERFERENCE MICROSCOPE 
INTERFERENCE SURFACE TESTER 
LIGHT SECTION MICROSCOPE 
METALLURGICAL MICROSCOPE 
STEREO MICROSCOPE 
ULTRAPHOT for incident with 
automatic exposure-setting device 
PHOTO MICROSCOPE for incident 
with automatic exposure-setting device 


Write for free, detailed specifications 
equipment interest you. 


465 FIFTH AVENUE. NEW YORK 17.N ¥ 


COMPLETE SERVICE FACILITIES 


Oberkochen, West Germany 
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Versatile! 


Laboratory 


YS: MODEL 


Operating Principle—Galvanometer with 
chopper bar pointer clamped briefly for 
marking every two seconds. 


Operating Ranges—Calibrated full scale 
deflections for MV, 100 MV, 
and 100 and for UA, UA, 100 UA, 
and MA. Attenuator provides con- 
tinuously variable adjustment between 
ranges and allows recording 500 
full scale. Deflection 
sensitivities from 200 microvolts per chart 
division volts per chart division and 
milli-micro amperes per chart division 
milliamp per chart division. 


Zero multiturn zero 
offset allows zero left, zero center, 
zero right operation and times full 
chart width zero suppression either direc- 
tion all ranges. 


Ready Record—Pressure sensitive 
paper requires ink. 


Recording Speeds—Standard instrument 
equipped record and inches per 
hour. Auxiliary gears available for 
10, and inches per hour. 


Chart width: 2.31 
inches, chart divisions 50, chart length 
feet. Readable 4%. 


Input input 
resistance all voltage ranges. 


More detailed information sent upon request. 


ARTHUR THOMAS CO. 


Laboratory Apparatus and Reagents 
VINE STREET 
PA. 

More and More Laboratories RELY THOMAS 
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reference 6-in. strip chart with the 
MDC Model 725-3B portable ozone 
recorder. used air pollution, 
industrial hygiene, weather, and agricul- 
tural studies. Further, used for test- 
chamber monitoring the fields rubber, 
elastomer, and similar material research. 
Mast Development Co., Ine. 3529 


V-Meter—This new 
corporates single, adjustable control that 
provides the operator with instantaneous 
and continuous direct readout velocity 
over range from 2500 50,000 per 
sec for luminous hypersonic 
The fast response the V-meter’s 
optical 
measurement time intervals 
microsec. 


MHD Re S¢ arch, Tne. 3530 


Thermometer thermom- 
eters for accurate sensing temperature 
areas are available the Model 
Producing positive change resistance 
more than ohms for each deg 
change temperature, these thermom- 
eters are useful as remote or proximate 
detectors temperature flashing signs and 
industrial processing control 
applications. Their completely potted 
construction filled epoxy case permits 
immersion most gases and liquids. 


Mince Products, Inc. 3531 
Oscillograph—A low-cost direct-record- 


ing oscillograph designed for 
normal laboratory testing and evaluation 
available. Known the 1406 Visi- 
corder, the new model produces instantly 


readable records six channels 
scientific and test data simultaneously. 
Regulator Co. 
3532 


Tube Italian-designed plastic 
finger holding permits full view 
test tube contents new test tube 
rack. The rack, well the bases, are 
plastic that unbreakable and chemically 
inert. 

The Nalge Co., Ine. 3533 


Yarn Evaluating Apparatus Large 
amounts yarn can tested for spinning 
defects, uniformity, and weaving qualities 
Dutch firm for use textile spinning 
mills, knitwear factories, and weaving 
mills. four-counter computer classifies 
the defects discovered and determines the 
numbers each four classes. The 
device permits the spinning defects 
cut off while simultaneously sorting them 
classification. 

Netherlands Trade Commission 3534 


Liquid multistage mixer- 
settler liquid extractor for 
solution complex extraction probiems 
has been announced. Features 
discrete stages 98+ percenteffic 
provision for sampling bath phases leaving 
each stage; 
injection each stage; feed rates 
gal per observation 
windows. 

The Pennsylvania Tool Mfg. Co. 

3535 


advent high 
specific activity cobalt-60 (100 per 
and higher) has provided industry with 
new tool. Model 


ment this type equipment. 


The convenience this streamlined polishing equipment saves time and encourages 


maximum 


the operator produce the highest quality polished sample. 


Item No. 1511 two-unit polishing table with Formica top approximately 60” long 
27” deep 30” high table top. Two 12” swing spouts, drain, diameter wash bowl 


plumbing and wiring. 


Recommended accessories complete efficient set for maximum convenience 
are: No. 1512 storage cabinet with recessed light and No. 1513 supporting panel for 
installation above polishing desk. Or, No. 1514 floor model storage cabinet. Both these 


cabinets can used together advantage most laboratories. 


The Formica top and back the table and cabinet installed with smooth 
Formica edge that eliminates all metal rims that may form pockets for water and 
dirt. Covers are held place the back magnetic holders. The large wash 
new feature that enables the operator use both hands washing specimens. 

All metal construction finished hammer tone grey makes very attractive 


appearance. Prompt delivery can made these new items. 


The Buehler Line of Specimen Preparation Equipment includes . . . Cut-Off Machines 


Specimen Mount Presses © Power Grinders © Emery Paper Grinders © Hand Grinders © Belt 
Surfacers © Mechanical and Electro Polishers © Polishing Cloths © Polishing Abrasives 
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METALLURGICAL APPARATUS 


2120 Greenwood Avenue, Evanston, lilineis 


provision for 


fficiency the production 
specimens the metallurgical laboratory the Buehler cabinet type polishing 
table with companion storage cabinets represents the latest modern develop- 


Gammatron, with capacity over 3000 
cobalt-60, now provides 2-Mev 

Radionics, 3536 


Spectrum new 
Rayspan analyzers, each with 
100 filters analyze signals, have been 
announced, models, 
MRFR-30-5, 30-6, and 30-7, are capable 
high-speed, high-resolution signal analysis. 
The new Raytheon units are advance 
over the analyzer with 
single filter, which limited the 
analysis relatively long-duration signals 
and steady-state phenomena. The three 
models operate several bands within 

Raytheon Co. 3537 


Bleeding test apparatus for 
determining the bleeding rate and bleeding 
capacity cement paste and mortar 
available for use testing, research, and 
educational laboratories. CT-12 cement 
bleeding apparatus makes possible 
direct and continuous reading the 
bleeding rate the test material. The 
test, intended for research only, conforms 
with ASTM Method 243. 

Soiltest, Inc. 3538 


Tensile low-cost 
tensile testing machines having capacities 
40,000 are now being made. 
These vertical, floor-mounted, motorized 
tensile testers are hydraulically operated, 
with the hydraulic system located within 
the base the machine. Simple controls 
are conveniently mounted the front 
the base ensure ease operation. 

Steel City Testing Machines, Inc. 3539 
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Lowered 
recessed 
reading 
scale 
eliminates 
.. glare. 

Situated 
for 
maximum 
reading 
ease in 
line of 

vision 


pan. 


SAUTER 


ANALYTICAL BALANCE 


EXCLUSIVE 


Monopan weights are 
in the bottom. Unlike 
other balances with 
weights on top, Mono- 

pan has no unneces- 
sary swing. With 
Monopan, al! downward 
force is compensated 
by equa! upward thrust. 
Since weights are 
situated within the 
angle prescribed by 
pan, oscillation is mini- 


A single pan Analytical Balance making most 
efficient use of the reliable principle of sub- 
stitution weighing for the determination of 
mass. 

Very precise ¢ Extremely stable « Remarkably 
simple. 

Several exclusive features: 


e Three position arrestment system pro- 
vides positive locking of weight ex- 
change in ‘‘free weighing’ position. 

¢ Load pan and substitution weights on 
separate stirrups minimize oscillation. 

e Suspended side sliding doors. No dust- 
trapping grooves. 

e No obstructive front corner posts. 


e All controls at base. Operator can rest 
and steady forearm on table. 


Cap. 200 grams 
Tare Cap. (add.) 30 grams 
Range of opt. scale 110 mg 
Readability (per vernier div.) 0.1 mg 
Accuracy diff. weighings 

within opt. range 0.03 mg 
Size: 1042” x 18” x 18” 
Net Wt.: 45 Ibs 
Shipping Wt.: 57 Ibs 
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ITEMS 


(Continued from page 82) 


Puncture Tests—The Beach puncture 
tester was developed for the purpose 
testing fiberboard, wall board, 
fiber, thin ply wood, very heavy paper, and 
similar materials. specialized cases 
has been used asbestos board, plastic 
film, and rubber sheeting. The normal 
scale reading from 1280 in-oz per 
in. tear. 


Testing Machines, Inc. 3540 


Thermocouple Selector—Several newly 
designed rotary, key, and push-button 
selector switches for thermocouple and 
resistance thermometer applications are 
now being offered. These units provide 
rapid, accurate switching from 144 
sensing elements. 

Thermo Co., 3541 


INSTRUMENT COMPANY NEWS 


Branson Instruments, Inc., Stamford, 
recent expansion and di- 
versification move, Branson Instruments, 
Inc., has acquired Colin Campbell 
Inc., through exchange of stock. Also, by 
cash payment, Branson has obtained 
half-interest Inc., Norristown, 
Pa. 


Testing 
temperature, air, and 
dew-point indicating and controlling in- 
struments, announces that the future 
the firm will called Alnor Instrument 
Co., Division Illinois Testing Labora- 
tories, Inc. 


Morehouse Machine Co., York, Pa. 
Producer proving rings and other force- 
measurement instruments, has announced 
the formation Electronics Division. 
The new division, headquartered the 
Morehouse plant York, Pa., was formed 
through merger with Applied Electronics, 
York firm manufacturing metal detect- 
electronic controls. Charles Brister, 
owner Applied Electronics, will assume 
the post general manager the new 
division. 


MATERIALS NEWS 


Solid theory and 
practice lubrication solids are the 
primary. subjects new booklet. The 
booklet discusses boundary friction and 
the role solid lubricants reduce 
friction and wear under heavy loads and 
high temperatures. The 24-page, four- 
color booklet No. 124 describes the major 
advantages molybdenum disulfide solid 
coefficient 
natural affinity for adherence metal 
surfaces, and pressure resistance beyond 
the vield point any metal 

Alpha-M olykote Corp., Stamford, Conn. 


Epoxy Pipe Coating—Dearclad 765, 
new epoxy pipe coating has been an- 
nounced. has rapid curing rate, 
resistance physical impact, abrasion, 
and moisture adsorption. The product 
protection against chemical 
attack, and has high resistance 
retains its physical properties over the 

Chemical Co., Chicago, 


vacuum 
induction melted ultra-high-strength steel 
alloy has been 
high 
stresses, such railroad 
valve springs, and torsion 
high-grade raw material and close 
control during induction vacuum melting, 
the resultant steel free many delete- 
rious inclusions. Carbides are 
tributed throughout the matrix with 
evidence carbide segregation present. 
ASTM Practice 
Determining the Inclusion Content 
Steel 45) used rate the steel. 
Complete detailed information hard- 
ness, strength, rupture stress, 
available. 


Kelsey-Hayes Co., New Hartford, 


Phosphor Bronze 
page technical handbook 
bronze has been issued. addition 
detailed explanation continuous castings 
the handbook includes information 
phosphor bronze wire, bars, rods, strip, 
sheets, circles, and special shapes. Flexo- 
grain, special phosphor bronze, 
also discussed detail. Complete 
specifications six the phosphor 
bronze alloys are also given easy-to- 
read format. 

H. K. Porter Co., Inc., Riverside- Alloy 


BOOKSHELF 
(Continued from page 75) 


designer electrical devices rarely can 
foresee the behavior the insulation 
under all service conditions, must 
consult numerous specialized publica- 
tions whose not always 
without question. 

Much the technical information 
available the literature form 


that not useful to: the designer. 


Weak points insulating matrials are 
often described with caution avoid 
bad publicity for and 
materials the same commercial 
designation may differ greatly their 
properties. These 
clearly revealed several years ago when 
committee the International Elec- 
trotechnical Commission (IEC 2C) 
classified insulating materials according 


their heat resistance. This term 
covers separately measurable chemical, 
mechanical, and electrical character- 
istics. But practical conclusions drawn 
from such measurements depend heavily 
estimates. The reliability this 
earlier tabulation for various thermal 
questionable. 

The Committee 
decided supplement and eventually 
replace this tabulation insulating 
materials according thermal classes 
manual that would list the still 
only vaguely defined 
together with the other properties 
design value. The IEC supported this 
project 1954 Philadelphia, Pa., 
delegating responsibilities for the 
manual’s preparation. 


(Continued page 87) 
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PRECISION 
ULTRASONIC 
MEASUREMENTS 


The easy modern way determine exact working temperatures! 


Just mark stroke the surface with 
when reaches the desired 
temperature, the mark liquefies. There’s guess- 
work, wasted time material... With Handy 
THERMOMELT the quick, precise way Adjustable 
determine heating temperatures. Accurate to Holder 
within 


A Stik For Every Temperature from 


ALSO AVAILABLE LIQUIDS 


AND PELLETS for inaccessible 


! 

or hard-to-measure applications. 
SEND TODAY for free THERMOMELT : 


literature and pellet sample (indicate 
temperature desired’. 


A AL ¢ 0 3064 West Carroli Avenue e Chicago 12, IMinois 


CIRCLE 798 READER SERVICE CARD 


Wide range of temperatures. 


Made by the Manufacturers of Marka! Paintstik 
Markers and Protective Coatings. 


(de Mattia) The Sonoray® Caliper permits di- 
FLEXING rect readings flaw-depth and 


workpiece-thickness with absolute 


MACHINE accuracies few thousandths 


MODEL “D” inch, the relative accuracy increasing with thickness. 
Thus the ultrasonic-pulse Sonoray®, pre-eminent for 


conduct flaw detection, can used additionally for high- 


flexture test el- precision measurement thickness. 
evated temperatures 


extreme horizontal linearity gives 1:1 corre- 
lation between distance and CRT indication. Calibration 
quick and easy. The Caliper’s hairline accuracy gives 
direct, positive, repeatible readings scale calibrated 
0.001 inch. 


you want profit extended use your Sonoray®, 
write for Bulletin T-208 the Caliper. you not 
yet own Sonoray®, ask also for Bulletin T-200 this 


enders remarkable instrument. For suggestions, outline 


your problem detail. 


384 GETTY AVENUE INSTRUMENTS, INC. 


CLIFTON, NEW JERSEY 
BROWN HOUSE ROAD STAMFORD 
CIRCLE 799 READER SERVICE CARD CIRCLE 800 READER SERVICE CARD 
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You Get Things Done Better 
Seeing What’s Happening 
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Eberbach 


ULTRA-SPEED 
ELECTRO-ANALYZER 


BOARDMASTER VISUAL CONTROL 


Gives Graphic Picture Your Use. Type Write 


Equals production rate positions con- 
ventional apparatus. For example, cop- 


per assay, analytically complete deposition Operations Color. Cards, Snap Board. 

one gram sample accomplished Facts ataGlance-Saves Ideal for Production, Schedul- 

Best equipment and techniques pre- and Prevents ing, Sales, Inventory, 

viously employed require minutes. Compact, Attractive. Made 
Adapted to Your Needs. Metal. 500,000 in Use. 


Request Catalog 60GF 


Eberbach 


CORPORATION 
Box 1024 


Complete Price Including Cards 


24-Page ILLUSTRATED BOOKLET G8-20 
Without Obligation 


GRAPHIC SYSTEMS, Yanceyville, North Carolina 


CIRCLE 801 ON READER SERVICE CARD CIRCLE 802 ON READER SERVICE CARD 


Special precision weights 
Troemner 

(brass, stainless steel, tantalum, etc.), shape, 


THE FINEST size, finish (plating nickel, chromium, cad- 


mium; brass lacquer; anodized aluminum). 
LOW PLANT AND Metric, avoirdupois, troy (apothecary) 
JOB-SITE TESTERS 
For 


CYLINDERS 
BLOCKS 
BEAMS 
PIPE 


TESTER 
YOU NEED-GET TOUCH 


Henry Troemner, Inc. 
22nd & Master Sts., Phila. 21, Pa. & 
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(Continued from page 84) 


resulting encylopedia divided 
iuto three parts: (a) general classi- 
fication insulating materials, (b) the 
synoptic tables groups and descriptive 
sheets which present general properties 
and the characteristics which differen- 
tiate one group from another, and (c) 
monographs which describe the prop- 
erties each material. provisional 
French edition the first two parts was 
Vasteras, Sweden, 1958, where 
careful review was recommended, but 
its originality and simple presentation 
was approved. 

The results these efforts date 
have now been published. The first 
two parts have been combined into 
single document, and the French and 
German editions are now available. 
The English edition will off the 
press shortly. This portion the 
Encyclopedia Electrical Insulating 
Materials easily accessible source 
data general physical and chemical 
properties all materials suitable for 
particular job. listing conditions 
under which insulating materials may 
used, their behavior. service, and 
necessary precautions, and including 
classification materials, synoptic 
tables, and descriptions, this manual 
establishes entirely new system 
information and comparison. The 
monographs the properties each 


Soils and Soil Engineering 


Karol; Prentice-Hall, Inc., Englewood Cliffs, 
(1960); 194 pp.; $11.65. 


and 
foundation design have become very 
construction building and highway 
strong the ground which 
stands. Mr. Karol soils engineer for 
American Cyanamid Co. and 
dent Karol-Warner, Inc., well 
fitted prepare and collect the very 
significant and useful information con- 
tained this volume. 

Sixteen chapters review and discuss 
the important phases, techniques, and 
properties soils and soil engineering. 
Typical the subjects covered are soil 
formation physical 
properties soils, consolidation, stabil- 
ity slopes, piles and pile groups, soil 
stabilization, and chemical grouting. 
The last subject, chemical grouting, 
particular interest soils engineers, 
being fairly recent development the 
treatment soils. 

Mr. Karol has been active member 
and contributor the work ASTM 
Committee D-18 Soils for Engineer- 
ing Purposes, 
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Variable Speed Plate Machine 
200 inch-pound Rotating Beam Machine 


can placed the same bench and 
used perform wide variety tests. 


Two small testing machines that deliver big results: that’s what 
you get with the units pictured above. 


The Tatnall-Krouse Variable Speed Plate Machine provides fatigue 
testing capability wide versatility one compact package. Length the 
specimen can 24’’. And with few attachments, you can test plastics 
either combined direct stress and run tests under extremely 
high temperatures (1800°F). Bench space required for the unit only 
36” 30”. 

The Tatnall-Krouse Rotating Beam Machine can test wide variety 
materials with great precision under reverse bending stresses. The unit 
eliminates expensive machining required with ordinary taper shank press 
fit specimen because the specimen simple straight shank type 
set-up cost 75%. What’s more, space requirements are mere 42” 


You can reduce your testing costs with these and other Tatnall 
Tatnall-Krouse fatigue and stress testing machines. will glad help 
evaluate your testing requirements and select the equipment which best 
meets your needs. Why not send for detailed 


THE BUDD COMPANY P.O. Box 245 Phoenixville, Pa. 


Consult your phone book for sales offices in: Atlanta, Ga.; Oak Park, Detroit, 
Mich.; Seattle, Wash.; Dallas, Tex.; Los Angeles, Calif. 
Budd Instruments, Ltd., 170 Donway West, Don Mills, Ont. 


FOR FURTHER INFORMATION CIRCLE 805 READER SERVICE CARD 
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INSTRUMENT for Testing smoothness 


porosity 
softness 


Simply interchanging the 

lower test plates the 

Gurley-Hill S-P-S Tester with 

testing smoothness, porosity timing 


converts this instrument for 


softness any printing 
and most industrial papers. 
Meets TAPPI and ASTM 
Method for 
Determining Smoothness,” 
well standard methods 
for finding air resistance 


porosity. 
Write for Bulletin 1400, 


describing complete line 


Gurley paper testers. 


CIRCLE 806 READER SERVICE CARD 


— 


GILSON 


PORTABLE TESTING SCREEN for 
repetitive size testing ores and 
mineral aggregates, mass separations 

for research, field inspection and 

testing, and for other special uses 

where this fast, efficient, portable 

unit can replace hand screening. 


Hand motor driven 
operates free- standing, 
location, bare ground 
dismounts portable 
sections handles 

200-mesh. 


Write for Literature: 


The new GILSON Porta-Screen 

GILSON Testing Screen—the time-tested heavy-duty testing 
screen, standard the industry 

GILSON Sample Splitter reducing large aggregates 
samples sizes convenient for testing 


MALINTA, 


CIRCLE 808 READER SERVICE CARD 


Portable 


INDICATING PYROMETER 
and MILLIVOLTMETER 


FOUR SCALE RANGES: 


MIRRORED SCALE 


CARRYING 


The Temco Portable Pyrometer is @ very handy instrument for general 
use in the laboratory or plant. Completely self-contained , lightweight 
. . easily carried from place to place to make spot checks, or can be 
kept on permanent location. Combined eight-foot length of thermocouple 
and extension allows readings in hard-to-reach spots, keeps pyrometer 
at safe distance from extreme heat and vibration. Guaranteed accurate well 
within 1% of full scale deflection. Automatic compensation for internal 
resistance changer due to ambient temperature varia- 

tion. Easy read scale mirrored eliminate 

parailex. Price, complete with case, only $55.00. 

Write today for free literature and nearest dealer's name. 


Thermolyne Corporation 
(Formerly Thermo Electric Mfg. 


472 Huff Street, Dubuque, lowa 


CIRCLE 807 READER SERVICE CARD 


Now with TENSILKUT, whatever 

your testing methods materials, you 

can have perfect precision machined 

physical test specimens less than 

two minutes. 
TENSILKUT precision machines all foil, film, sheet 
and plate metals from .0005” foil .500” plate. Hard 
stainless steel foil soft aluminum, soft plastic 
film mil thickness the abrasive glass laminates 
.500” plate, are machined with specimen configura- 
tions accurate .0005”. Machined edges are com- 
pletely free cold working heat distortion and 
require hand finishing. 

TENSILKUT table and floor models are available with 

motors from h.p. Write for free brochure. 


SIEBURG INDUSTRIES 
Danbury Industrial Park, Danbury, Connecticut 
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This Portable Liquid Cooler 
Casters that may readily 
moved The 
coil can immersed glass 


wherever desired. 


jars, cans other type contain- 
ers. which fur- 
nished with this Cooler can 
set operate from plus 
obtain lower temperatures 
use this Cooler unit for 
bath 


constant temperature 


there switch which can 
used operate the unit con- 
tinuously. 


This Cooler will cool gallons 
liquid from 120 plus 
one hour. 


The size the cabinet including 
casters is: 12” wide long 
high. The shell painted 
light sand finish. The Hermetic 
refrigeration unit is: 1/5 
110 volts, cyele. 


The flexibie hese ft. long 
The 
coil nickel plated and 
The length the 
flexible hose coil diameter can 


from the unit the coil. 
diameter. 


changed upon order. 


KING REFRIGERATION 
COMPANY 


1336 Bancroft Street 


Toledo Ohio 
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Societies’ 
Events 


October Paint, Varnish, 
and Lacquer Assn., Annual Meeting, 
Drake Hotel, Chicago, 

October 29-November 2—Federation 
Societies for Paint Technology, Annual 
Meeting, Sherman, Chicago, Il. 

October 
Rheology, Annual Meeting, Mellon 
Inst., Pittsburgh, Pa. 

November for Experimental 
Stress Analysis, Annual Meeting, Hotel 
Claremont, Berkeley, Calif. 

November 3-4—National 
Annual Meeting, Hotel Mayflower, 
Washington, 

November Pittsburgh Dif- 
fraction Conference, Mellon Inst., Pitts- 
burgh, Pa. 

November 14-16—Steel 
Society America, 
Operating Conference, 
Cleveland, Ohio. 

Electrical 
Manufacturers Assn., Annual Meeting 
Traymore Hotel, Atlantic City, 

14-18—American Society 
Tool Engineers, Western Tool Show and 
Semiannual Convention, Los Angeles, 
Calif, 

dustry Propulsion Systems Lubricants 
Conference; cosponsored ARDC, 
Wright Air Development Div., and 
Southwest Research Inst. Hilton 
Hotel, San Antonio, Tex. 


Naval 
Architects and 
Annual Meeting, The Waldorf Astoria, 
New York, 

2—American 
Society Mechanical Engineers, 
Annual Meeting, Statler-Hilton Hotel, 
New York, 

November Society 
Refrigerating Engineers, Semiannual 
Meeting, Chase-Park Plaza Hotels, St. 

Louis, Mo. 

December Institute 
Chemical Engineers, Annual Meeting, 
Statler Hotel, Washington, 

December Society 
Agricultural Engineers, Winter Meeting, 
Hotel Peabody, Memphis, Tenn. 

December Conference 
the Application Electrical Insulation, 
Conrad Hilton Hotel, Chicago, 

December Research Inst., 
Fall Conference, 
Washington, 

Building 
Exposition and Congress, New York 
Coliseum, New York, 

December Nuclear 
Society, Mark Hopkins 
Francisco, Calif, 

December 14-16—Atomic 
Forum, Annual Conference, Fairmont 
Hotel, San Francisco, Calif. 

December Association 
for the Advancement Science, 
Annual Meeting, New York, 


Founders’ 
Technical and 
Carter Hotel, 


Hotel, San 


THE NEW 


DYNATEST* 


PROGRAMMED 


HEATING 
RATE 


200° F./SEC. 3000° 


Add that: hydraulic cylinder velocity 
1”/sec.; force-loading accuracies 
+0.5% (holding), +1% (cycling); 
temperature-holding accuracy 
+15°F. And you have system ob- 
viously well equipped for advanced 
materials testing. The temperature 
channel available with radiant, resis- 
tive inductive heating (or any com- 
bination). Manual and programming 
control are provided for each channel. 
Load, strain deflection can pro- 
grammed simultaneously with temper- 
ature. The holding frame design per- 
mits removal the load cell for testing 
large structures unwieldy specimens. 
And everything but the frame car- 
riage mounted. 

all, the new Dynatest Machine 
merits careful consideration any- 
one concerned with behavior 
under extreme environmental condi- 
tions. You can make good start 
writing for Data Sheet S-101. 


*Tradename 


400 South Warminster Road 
PENNSYLVANIA 
CIRCLE 811 ON READER SERVICE CARD 


ortable Liquid Cooler 
valle 
9 


For drying, baking, annealing, con- 
ditioning, sterilizing, evaporating and 
heat treating. 


MODEL 


Welded steel construction. 
Thermostat contro! — 

U. L. APPROVED. 
Damper controlled induced 
air circulation. 

Cool handle — explosion- 
proof door latch. 

Nickle plated shelves and 
interior hardware. 


Gray-green Hammerloid 
baked enamel exterior. 


Operating range to 200° C. Thermostat response sensitivity +1° C. 
An efficient system of air intake and exhaust vents provide excep- 
tionally fast drying. Ready for plug in. Thermometer and two re- 
movable shelves included. 110 and 220 volt units available. 

Standard models larger bench, cabinet and walk-in ovens. 


Write for bulletins with prices. 


1356 Elston Ave., 
Chicago 22, 
CIRCLE 812 ON READER SERVICE CARD 


RAC DIGITAL RECORDER 


measures and records 
practically any electrical quantities 


The RAC Digital Recorder automatic self- 
balancing, null type analog digital indicator, re- 
corder and controller. adaptable measure and 
record practically any electrical quantity. 

High gain amplifier detects voltage unbalance 
bridge potentiometer circuit and amplifies the 
voltage sufficiently drive the balancing motor. 

The RAC Digital Recorder has accuracy 
+0.5% full scale range, and the printing record 
the nearest unit digit also +0.5% indicated value. 

The RAC Digital Recorder available standard 
19-inch rack mounting cabinet model which can 
readily interchanged. Write for descriptive bulletin, 
specifications and prices. 


RESEARCH APPLIANCE COMPANY 


Box 307 Allison Park, Pa. 
CIRCLE 814 ON READER SERVICE CARD 


and 
low price, 


Designed top accuracy 
low cost, the DILLON 
versal Tester your wisest 
investment. Operates ten- 
sile, compression, transverse 
shear. Checks metal, plas- 
tics, wire, rubber, springs, etc. 
PSI tensile. Hand wheel oper- 
ation motorized. Equipped 
with max. indicator. Meets 
most all ASTM Fed. specs 
Handles round, flat spe- 
cial shapes. 

For low strength materials between 
0 & 300 lbs. Model M (not shown) 
is available. Accurate to %; of 1%. 
Has 5 scales. 


Write TODAY for brochures 


and LOW price schedule. 
NUMEROUS GRIPPING 

FIXTURES AVAILABLE. 

“Dog Bone” grip, for 

molded plastics, is just 

_ one of MANY accessory 
14610 Keswick Street grips available. 
Van Nuys 24, Calif. 
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KLETT 


Colorimeters 
Photo-Electric 
Special Types For Testing 


Colors Petroleum Products 


Glass Color Standards 
Glass Cells 
Fluorimeter 


Nephelometer 


KLETT COMPANY 


Manufacturers Scientific Instruments 


179 87th Street New York 28, 
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Federal Government Standards Index WITHDRAWALS 


Changes 


Reason for 
Withdrawal 


Type of 
Action 


Symbol or 
Number 


Assigned 


Title Agency 


Tue Supply Service the General Services 
Administration charged with the responsibility for establishing 
specifications used the Federal Government for 


ment materials and supplies. 


The GSA annual Index 


Initiation Federal Specifications Projects, and monthly sup- 


plements. 


The items listed below appeared Supplement for July, 1960. 


INITIATIONS 


Type of 


Title Action 


Cement, Hydraulic Sampling, Inspec- 
tion and Testing 

Color of Painted Metal General Office 
Furniture 

Identification of Feathers and Down. New 

Buret, Straight 


Cloth, Cotton, Ticking, Twill 


Cloth, Wire, Industrial 


Molding Plastic, Polystyrene 

Molding Piastic, Pely(Vinyi Chioride), 
Rigid 

Test Glass, Sedimentation 

Waste, Matted Yarns (Cotton 
Colored) 


Zinc, Slab (Spelter) 


Symbol or 
Number 


Std. 


Fed. Std. No. 
124a 
No. 
4 
DD-B-790 
CCC-C-436 


RR-C-440 
QQ-C-521b 


L-M-520 


L-M-530 
DD-T-185 


DDD-W-101b 
DDD-W-00101a 
(GSA-FSS) 


FSC 
Class 


5610 


Assigned 
Agency & 
Preparing 

Activity, 


COM-NBS 


GSA-FSS 
DOD-Army-QMC 
DOD-Navy- 


MMSA 
DOD-Army-QMC 


DOD-Navy- 
WEPS 

DOD-Navy-Ships 

DOD-Navy-Ships 


DOD-Navy-Ships 
DOD-Army-CmiC 


DOD-Army-QMC 


DOD-Navy-Ships 


Color of Painted Metal General Office 
Furniture Am.1 Fed. Std. 
No. 124 

Drums, Metal, 55 and 110 gal (for 


Fiammable or Poisonous Liquids). Rev. 


Drums, Metal, 55 and 110 gal (for 
Flammable Solids or Oxidizing Ma- 


terials) PPP-D-741 


Rubber, Cellular, Latex Foam COM- 


NBS 
PROMULGATIONS 


Type of 
Action 


Title 


Aluminum Alloy Bars, Rods, and Shapes, Extruded, 3003 (Super- 
seding 

Aluminum Alloy Bars, Rods, and Wire, Rolled, Drawn, or Cold 
Finished, 3003 (Superseding QQ-A-356c) 

Buty! Alcohol, Normal (Butanol) (for use in Organic Coatings) (Su- 
perseding TT-B-00846a (GSA-FSS) & TT-B-846) 

Cable, Power, Electrical, (Rubber-insulated, Building-Type) and 
Wire, Electrical (Rubber-Insulated, Building-Type) (Superseding 
J-C-00103a(COM-NBS) & J-C-103) 

Diamy! Phthalate, Plasticizer (for use in Organic Coatings (Super- 
seding TT-D-00291a (GSA-FSS) & TT-D-291) i 
Enamel, Odorless, Alkyd, Interior, Semi-Gloss, White, and Tints 

(Superseding TT-E-00509 (Army-CE) 

Funnel, Common, Laboratory, Fluted or Ribbed (Superseding DD- 
F-00796a (GSA-FSS) & DD-F-796) 

Funnel, Common, Laboratory, Smooth (Superseding DD-F-00806a 
(GSA-FSS) & DD-F-806) 

Insulation Board, Thermal, Cork (Superseding HH-C-561b) 

Methanol (Methyl! Alcohol) (Superseding O-M-00232c (Army-CE) 
& O-M-232b).. . 

Paper, Book 

Paper, Duplicating, Copy, Liquid Process. ...................... 

Paper, Kraft, Untreated, Wrapping (Superseding UU-P-00268d 
(Army-QMC) & UU-P-268c) 

Paper, Mimeograph 

Paper, Teletypewriter, Roll (Superseding UU-P-547f) 


(Continued page 94) 


PPP-D-726 COM- 
BDSA 


BDSA 


GSA-FSS_ To be issued as re- 


vised Fed. Std. 


Survey by Com- 
merce indicates 
mater: il no 
longer pur- 
chased by the 
Gov't. 


Survey by Com- 
merce indicates 
material no 
longer pur- 
chased by the 
Gov't. 

Project relin- 
quished by NBS 


Symbol or 
Number 
QQ-A-357a 
QQ-A-356d 
TT-B-846b 


J-C-103b 
TT-D-291b 


TT-E-509a 
TT-F-336b 


DD-F-796b 


O-M-232d 
UU-P-465c 
UU-P-232a 


UU-P-268e 
UU-P-388h 
UU-P-547g 


Die for Cutting “Dumbbell” 
Samples for Tension Tests 


dies are from steel blocks 


edges are carefully ground and specially hardened 


cut vulcanized rubber. 
designed ASTM standards. 


Entire die precision 
Comes shown 


tor machine operation with regulation handle 


for hand use. 


Hand-forged tensile dies cut reg- 


ular tear test samples also from stock. 


‘ 
below depth of 


Cover 


=== 
—— 


= 


Cavities to be 
0075 deep 


Cover plate to be OSO" thick 
Milt Four corners & deep for prying mold apart 


October 1960 


TOOLS, MOLDS AND DIES 
for rubber testing ASTM standards 


D412(51T) 


Precision-Cut Slab Molds 


For making tensile test samples, 
supply single and multicavity 
slab molds shown; plain 
chrome finish, with without 
handle and hinges. usually 
stock all necessary molds for mak- 
ing adhesion, abrasion, 
compression and rebound test 
samples. Special molds your 
order promptly. 


Shown here but suggestion 
the Hoggson designs available. 
Please describe your need and 
will send detailed information. 


BENCH 
MARKER 


Centers 


HOGGSON PETTIS MANUFACTURING CO. 


BREWERY ST., 


NEW HAVEN CONN. 


Pac. Coast: Royal Downey, Calif. 
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THE ORIGINAL... 
Shore 


DUROMETER 


The Standard” 


for testing the hardness 
rubber and other elasto- 
meric materials 


FEATURES: 


Quadrant round dial 
for fast and accurate 
reading 


e Conforms to ASTM 
D 676-59 T and ASTM 
D 1484-57 T 


e Small enough to be 
carried in the pocket 


e Furnished complete with 
carrying case and stand- 
ard test block. 


The Shore Durometer available various modeis 
for testing the entire range of rubber hardness. 


Write for FREE Descriptive Literature 


Made by the manufacturers of the ‘‘Scleroscope’’, for testing the hardness of metals. 


INSTRUMENT MFG. CO., INC. 


VAN WYCK EXPRESSWAY, JAMAICA 35, 


CIRCLE 817 READER SERVICE CARD 


Tensile 
Pressure 
Bending 
Oscillation 


Tee 


For glass, textiies, metals, 
plastics... 

tons. All curves auto- 
and plotter: axis can 
pressure... 


For detailed technical infor- 
mation this Drage Multi- 
tester, write Dept. DM-15. 


PITTSBURGH 6, PENNSYLVANIA 


6592 HAMILTON AVENUE 
CIRCLE 818 READER SERVICE CARD 


For 
blending crude 
oil products... 


SINCLAIR 
GRAVITOMETER 


Blends crude oil products and other liquids con- 
stant outgoing gravity. Records outgoing gravity 
60°F regardless flowing liquid temperature. Re- 
sponse time, 30-35 seconds. Manufactured and sold 
Cenco under license Sinclair Research Labs, Inc. 

Write for Booklet 314. 


No. 35090 Each $3750.00 
CENTRAL SCIENTIFIC CO. 


A Subsidiary of Cenco Instruments Corporation 
1718-G Irving Pork Road e Chicago 13, Illinois 
Bronches and Waorehouses—Mountainside, N. J 
Boston e Birmingham e Santa Clara e Los Angeles e Tulsa 
Houston « Toronto e Montreal « Vancouver e Ottawa 
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NAEF SAMPLE 
CUTTING PRESS 


for Improved 


Accuracy, Lower 
Test Specimens for 


the Textile, Paper, 
Leather, Rubber 
and Plastic Industry 


| 


Presses available from stock. 


customer's specifications. 


D380-51T; D1004-39T Requirements 


SMS INSTRUMENT COMPANY 


CIRCLE 820 READER SERVICE CARD 


ASTM BULLETIN 


| 
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TORQUE 


STRAIN GAGE INDICATOR 


LOAD CELL PRESSURE GAGE 


Simplify stress 
measurements with 


PhotoStress gages 
from 


These versatile Photo- 

Stress gages offer striking 

opportunities simplify 

test set-ups get per- 
manent indication stress struc- 
tures, tools and machines. They read 
directly the magnitude both prin- 
cipal strains for any biaxial stress 
show load misalign- 
ment. Budd PhotoStress gages are 
completely self-contained, need 
instrumentation ... are easily 
bonded almost any material. Re- 
sponse fast sensitivity and zero 
are stable with time, unaffected 
humidity. show only 
few many possible applications. 
Write for full information 
assistance. 


Box 245 Phoenixville, Pa. 


Consult your phone book for sales offices in: 
Atlanta, Ga., Oak Park, Ill., Dallas, Tex., 
Los Angeles, Calif., San Francisco, Calif. 

In Canada 

Tatnall Measuring and Nuclear Systems, Ltd., 
46 Hollinger Rd., Toronto 16, Ont. 

In Europe 

BUFRA, 10 Avenue de la Grande Armée, 
Paris 17°, France, 
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OTS Research Reports 


THESE REPORTS, recently made avail- 
able the public, can obtained from 
the Office Technical Services, 
Department Commerce, Washington 
25, Order number. 


Radioisotopes Industry 
gram, volumes, 
volumes. 

Radiation Chemistry and Related Phe- 
nomena, 161414, $2.25. 

Radiochemical Separation Cadmium and 
the Application Vacuum Distillation 
AECU-4610, $2.50. 

Commercial Standard for Western Softwood 
Plywood, CS122-56, cents. 

Standard 
Fir Plywood. 

Recommendation, Standard Shapes, Sizes, 
Grades, and Designations Cemented 
Carbide Products, 

Commercial Standard for Pipe, 
Designated Rigid Poly- 
vinyl Chloride Pipe, cents. 

Simplified Practice 
Paints, Varnishes, and Related Products, 
Tenth Edition, R14460, cents. 

List Commercial Standards, Catalog 
No. 978, Commodity Standards Pam- 
phlet. 

Physical and Mechanical Properties 
Columbium and Columbium-Base Alloys, 
151082, $1.75. 

Investigation the Relationship 
Hot-Hardness the Elevated Temperature 
Extrusion Behavior Selected Arc-Cast 
Molybdenum-Base Alloys, 161669, 
$2.75. 

Delayed Failure and Embrittle- 
Titanium, 151139, $1.75. 
Effect Prior Creep the Mechanical 
Properties High-Strength, Heat- 
Treatable Titanium Alloy, Ti-16V-2.5Al, 

161490, $2. 

Mechanical Properties Selected Alloys 
Elevated Temperatures, 161761, $4. 
Crack Propagation Tests 
Sheet Materials. Part 4—The Effect 
cents. Part 3—Low-Alloy Hardening 

Steel, 151770, cents. 

Tesis for Fracture 
Toughness Sheet Metals High 
Strength Levels, 151081, $2. 

Investigation Elastic and Thermal 
Properties Carbon-Base Bodies, 
161733, $2.25. 

Endurance Rolling Contact Bearings 
Conventional and High-Temperature 
Steels ‘Under Conditions Simulating 
Aircraft Gas Turbine Applications, 
161672, $2.25. 

Some Elevated-Temperature Properties 
Precipitation 
Aluminum Alloys, 161543, cents. 

Development and Evaluation Structural 
Beryllium, 161507, $1.75. 

Thermal Properties Materials 
Temperatures, 161478, cents 

Heats Metals and Alloys Below 

SB-401, Corrosion (Ten 
raphy), cents. 

SB-402, Welding (Bibliography, Supple- 

SB-406, Adheswes (Bibliography, Supple- 

SB-408, Wood 1950-1960), 
cents. 

The Investigation the Mechanism 
Substructural Formation Refractory 
Metals and the Relation the Observed 
161489, $1. 


Training Pro- 
$10 for both 


Douglas 


Year 


| 


| 
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VOLUMEASURE 


for fast, 
accurate 


IN-PLACE 


TESTING SOILS 


PRICE $95.00 F.O.B. CHICAGO 


Write for complete 
Catalog Engineering 
Test Apparatus. 


4711 North Ave. Chicago 39, 
CIRCLE 822 ON READER SERVICE CARD 
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INDEX ADVERTISERS 


ALLEGANY INSTRUMENT CO. 

DIVISION OF TEXTRON ELE 
THE ALPHA-MOLYKOTE CORP.. 
ATLAS ELECTRIC DEVICES CoO........... 


BALDWIN-LIMA-HAMILTON CORP...... 
BRANSON INSTRUMENTS, INC. or 
THE BUDD COMPANY 

INSTRUMENTS DIVISION... 
TE STING L SROR ATORIES 
BUEHL T 


CAMBRIDGE INSTRUMENT CoO., 


CENTRAL SCIENTIFIC CoO. 


SUBSIDIARY OF CENCO INSTRUMENTS CORP.. 


DELTA CHEMICAL WORKS, INC..... 
DILLON CO., INC., C.... 


EASTMAN KODAK CoO..... 


FECKER, J. W. 

DIVISION OF AMERICAN OPTICAL CO. 
FISHER SCIENTIFIC CO. 
FORNEY'’S, INC. 

TESTER DIVISION 


IE 
"RLEY, « 


HELLER CO., GERALD 

HIGH VOLTAGE ENGINEERING CORP. 
HIRSCHMANN CO., INC., CARI 
HOGGSON & PETTIS MFG. CO.. 


ENGINEERING CORP. 


JARRELL-ASH CO... 


KING REFRIGERATION CO. 
KLETT MFG. CO. 


LACLEDE STEEL CoO.. 


MARKAL CO. 
METTLER INSTRUMENT CORP 


OLSEN TESTING MACHINE CO., TINIUS 
OZONE RESEARCH AND EQUIPMENT CORP. 


PERKINS & SON, INC., B. F. 
TESTER DIVISION 
PICKER X-RAY CORP. 


RESEARCH APPLIANCE CO. 
RIEHLE TESTING MACHINES 


—— OF AMERICAN MACHINE AND METALS, 
IN ‘ 


SMS INSTRU MENT Co.. 

SARGENT CoO., E. H. 

SAUTER OF NEW YORK, INC., AUGUST 
SCOTT TESTERS, INC. 
SHORE INSTRUMENT AND MFG. CO., INC. 
SIEBURG INDUSTRIES, INC. 

SOILTEST, INC. 

SYNTRON CO. 


TESTING MACHINES INC.. 
THERMOLYNE CORP.... 

THOMAS CO., ARTHUR H. 
THWING-ALBERT INSTRUMENT CO. 
TROEMNER INC., HENRY.... 


UNITRON INSTRUMENT CO. 
MICROSCOPE SALES DIVISION.. 


CTRONICS, INC.. 


5200 (MODEL A2) $170.00 
35210 (MODEL $147.00 


measuring gases 
under 
pressure... 


DEW-POINT 
TESTER 


Valuable for measuring 
Dew-Point high pres- 
sure gas transmission sys- 
tems (See ASTM-D1142). 
Suitable for field lab. 
Dew-Points can dupli- 
cated within 0.2°F. Model 
(stainless steel) rated 
3000 psi. Model 
(nickel-plated brass) 1000 
psi max. (Model shown). 


CENTRAL SCIENTIFIC CO. 


A Subsidiary of Cenco Instruments Corporation 
Park Road Chicago 13, 
Branches and Waorehouses—Mountainside, N. J. 
Boston « Birmingham e Santa Clara e Los Angeles @ Tulsa 
Houston Toronto Montreal e Vancouver Ottawa 


FEDERAL GOVERNMENT STANDARDS INDEX CHANGES 


(Continued from page 91) 


Paper, Wrapping, Wet-Waxed (Superseding UU-P-134a)......... UU-P-134b 
Pressboard, Colored (Superseding UU-P-00701e (GSA-FSS) & 

Solder, Lead Alloy, Tin-iead Alloy, and Tin Alloy, Flux Cored Rib- , 

Stee! Bars and Forgings, -$-628 
Steel, Sheets, Carbon, Zinc-Coated (Superseding QQ-S-755 (Navy- 

Sulfuric Acid, Technical (Superseding O-S-809 (GSA-FSS) & O-A- 

Tape, Electric Wire Flexible Insulating Sleeving Marking Ma- 

chine (Foil, Wire identification, Marking). QQ-T-25 
Thinner, Paint, Mineral Spirits, Volatile, ‘‘Odoriess’’ (Superseding 

Thread, Linen (Superseding V-T-291b)..... V-T-291¢ 
Tube, Aluminum Alloy, Round, Square, Rectangular, and Other 

Shapes, Drawn, Seamless, 1100 (Superseding WW-T-783b).... WW-T-783c 
Tube, Aluminum Alloy, Round, Square, Rectangular, and Other 

Shapes, Drawn, Seamless, 3003 (Superseding WW-T-788b). . WW.-T-788c 
White-Lead, Basic-Sulphate, Dry, and Pasto-In-Oil (Superseding 

TT-W-00261b (GSA-FSS) & TT-W-261a). .... TT-W-261c 
Wire, Electrical and Nonelectricai, Copper, ee (Super- 

seding QQ-W-336a, QQ-W-339, & OQ-W-34la).............. QQ-W-343 
Wire Rope and Strand (Superseding RR-W-00410 (Navy-Ships) & 

RR-W-410a 
Wire, Steel, Alloy {for Cold Heading and Ce! | Forging) (Supersed- 

ing QQ-W-00405 (GSA-FSS) & QQ-W-405).................. g -W-405a 
Zinc Coating Electrodeposited, Requirements for................ ~Z-325a 


SPECIFICATIONS AND STANDARDS APPROVED FOR PRINTING 


Symbol or 
Title Number 
Pigments-In-Oil, Tinting Colors ‘ TT-P-381 
Tape, Paper, Computing-Machine. UU-P-185 
Antiseize Compound, White Lead Base, General Purpose (for 
Bottle, Narrow and Wide Mouth, with Ground Glass Stoppers...... OD-B-593a 
Dishwashing Compound, Hand (Neutral Synthetic Detergent, Solid 
P-D-410 
Drums, Metal, 55-gal (for shipment of Noncorrosive Material). .... PPP-D-729b 
Felt Sheet (Hair) and Felt Roll (Hair)... C-F-202a 
Molding Plastic, Cellulose Acetate............... ie L-M-505 
Molding Plastic, Polystyrene.................... L-M-520 
Molding Plastic, Polystyrene, Modified L-M-525 
Molding Plastic, Polyviny! Chloride, Rigid L-M-530a 
Pad, Mattress, Cotton, Quilted, White... .... DDD-P-56a 
Paper, Chart UU-P-171b 
Paper, Map, Lithographic-Finish, Coated. UU-P-363 
Senn, Cake ard P-S-615 
Soap, Toilet, Liquid and Paste. ......... P-S-624f 


tt 
| .... 92, 94 
| No. 

GETTY MACHINE AND MOLD, INC........ 
| GILSON SCREEN CO. 88 
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BALANCE TYPE H23 C10 


FOR RAPID AND PRECISE 
WEIGHT CHECKING SMALL 
OBJECTS 
Capacity: grams, entirely 
optical scale 

Precision: 
Magnetic damping 


Also available with built-in set 
weights bring capacity 160 grams. 
(Designation: Type 23) 


the 
complete line METTLER quality contrdl 
scales and balances. 


testers 
available from 


Flexing Tester 


Micro-Hardness 
(Rubber-Plastics-Coatings) 


Wallace 
Rapid Piastimeter 


DuPont-Croyden 
Abrasion Tester 
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Your best move UNITRON... 


for COMPLETE LINE METALLURGICAL MICROSCOPES! 


Z 


GA 


Complete Line Metallurgical 
Microscopes and Accessories covers the needs 
Research, Industry and Education. 


Quality optics advanced optical and 
mechanical design unique and convenient 


free trial period these, together with Please rush Microscope Catalog 3-H. 

proven performance are the reasons why... Name 

Address 
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OUTSTANDING 


For general purpose R/L/C measurements 


Type 1632-A Inductance Bridge $950 
For precise measurement inductance 


Ranges: R: Imi: to 10 MQ 
L: lwh to 1000 h 
C: 1 pf to 1000uf 
D: 0.001 to 50 (at 1kc) 
Q: 0.02 to 1000 (at lkc) 


Full-Scale Ranges: L: to llllh 
(minimum indication is 0.0001 uh) 


G: 11lwmhos to 1111 mhos 


Basic +0.1% accuracy. Inductors having nearly equal 
values can be compared to an accuracy of 1 part in 105 


Basic *1% accuracy 
Built-in null detector 
Built-in 1-kc oscillator; bridge useful to 20kc with external sources 


Designed for 1-kc measurements. Can be used to at 
least 10kc with siight decrease in accuracy. 


Type 1607-A Transfer-Function 
and Immittance Bridge $1775 


For VHF-UHF measurements transistors, 
tubes, networks and components 


Type 1605-A Impedance Comparator $800 
For rapid measurements impedance 
and phase angle without manual balancing 


Panel meters indicate percent difference in impedance magnitude 
and phase angle between unknown and external standard 


Frequency Range: 25 to 1500 Mc 


Biasing Provisions: Built for use with d-c sources. 
Maximum current, 250 ma; maximum voltage, 400 volts. 


Measurement | Range Accuracy (from 150-1000 Mc) 


Voltage and current 


AZ: +0.01% to +10% 
+0.0001 to +0.1 radian 


1.25 ohms 


0-1500 ohms 


0-600 mmhos 
0-1000 ohms 


Write For Complete Information Admittance 0-400 mmhos 


Transimpedance (Z2:) 


itt Y 
Accuracy: +0.01% Transadmittance (Y 2) 


Built-in 100c, lkc, 10kc, and 100kc frequency sources. 


impedance (2,,) 2.0 (: + \ + 1.0 ohm 


2.0 


GENERAL RADIO COMPANY 


WEST CONCORD, MASSACHUSETTS 


Yar 9% + 0.4 mmho 


NEW YORK, WOrth 4-2722 - CHICAGO PHILADELPHIA WASHINGTON, D.C. SAN FRANCISCO LOS ANGELES 


NEW JERSEY, Ridgefield, WHitney 3-3140 Oak Park Abington Silver Spring Los Altos Los Angeles 
“ Village 8-9400 HAncock 4-7419 JUniper 5-1088 Whitecliff 8-8233 HOllywood 9-6201 
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IN CANADA 
Toronto 
CHerry 56-2171 
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TINIUS 
OLSEN 


PACIFIC SCIEN NTIFIC CO. 


Texas; 


OLSEN 
TESTING MACHINES John Jensen 
Exclusive 4-screw design assures maximum crosshead stability 
Electrically operated working bridge plus air operated grips for 
pression and cyclic testing. 
model shown. Ga. 
Evaluate your high capacity testing requirements terms Tinius 
Olsen hydraulic Super “L” testing machines. Canadian 
Write today for the informative 12-page brochure “Tinius Talks LTD. 
Testing 
TINIUS OLSEN 
TESTING MACHINE COMPANY 
Trademark 
Reg. U.S. Pat. Testing and Balancing Machines 
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